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PREFACE. 

» IN" an age like the present, when 
'the growth of everi/ production con- 
ducive to tfie interests of morality, and 
a more extensive knowledge of the 
Creator tkrovgk the medium of his 
uorks, is recommended and publicljf 
encottraged, but little need he offered 
by way of apology for the present 
compilation. Qne important object 
of the following )niges zvcts to present, 
in a very compact and comprehensive 
form, an interesting aiid connected 
account of those laws and operations 
in the material world, wlii&i, under 
the elaborate pens of philosophical 
authors, cover an extent of scientific 
ground too enlarged for the commer- 
cial and labouring individual to tra-* 
vel over; — but more particularly has 
this little compendium been arMnged 
for the juvenile inquirer, who either 



r 



from a premature wish to anticipate 
the result of deep calculcAions,orfrom 
other contingent occupations, would 
have a general, yet clear, idea of obi 

jects, which without the aid qfphilaX 
sophy he cannot understand. Toen-*.^ 
able him to accomplish this desirable • 
end, the following pages are, as far ^ 
as possible, divested of the technical 
difficulties which but too often form 
impenetrable barriers to the expan- 
sion of the risixig mind. While, how- 
ever, theij endeavour to exhibit in a 

familiar manner thai chain of con- 
nexion which binds and unites all na- 
ture, they will by no means supersede 
an encouragement to penetrate into 
these sciences whence the axioms, laws, 
and calculations which relate to mat- 
ter and motion are ascertained. 

Having notified the design of this 
little manuel, it is unnecessary to en- 
force ilte importance of the subject of 

" itliich if treats. No employment surer 
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iy yields so rich a harvest (f instruc- 
tion and delight to a ratioTtal being 
as -thai of surveying /lie wonderful 

/works of the Great Creator, as diS' 
played in the various parts of tbe- 
vniverse. Such eTOphymenliS'a source 
of never-failing satisfaction to per- 
sons of every age i and it is only by 
acquiring a knowledge of nature, and 
observing tlie contrivance and skill 
conspicuous in every department of 
creation, that we are' enabled to form 
an adequate idea i^ t/ie attributes 
and character of the Si{pr^e Being.. 
In proportion as we attain a know- 
ledge of the objects around us they 
become interesting and important. 
That which to the careless and un- 
enlightened spectator, appears solita- 
ry and detached, having no other con- 
necfioit with the rest of the universe 
but the shadowy and fleeting, relation 
of co-existence, will, to him who taies*^ 
a glimpse into the genernj ecvnomy 
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that man is benefited: by a knmvledge 
of nat-ural philosophy ; it teaches-ldm 
to employ the potoers of nature to the 
greatest advantage for the embellisk- 
- menl and comfort of life, and extendi 
his empire over the material universe. 
Knowledge of this kind, therefore^ 
is the most valuable that man can ac- 
guire: it enriches his life with conve- 
niences, enlarges his views, and lays 
a foundation for the most rational 
-■ and emlted piety. " The universe 
fsaysBoyleJ is the magnificent tem- 
ple of its great Author; and man is 
ordained, by his powers and qualifi. 
<:ations, tite high-priest of nature, to 
celebrate divine service in this temple 
<if tlie universe." 

Let him then, aspiring to the dig- 
mty of his station, assisted by the 
writings of modern authors, ^devote 
his noblest powers to the investigation 
of the laivs of nature; and evince that 
ix is not in vain given ability to be 
, , A2 



. wiser than the fowls of heaven, and 
to have more understanding than the 
beasts which perish. 



NATURAL PHILOSOPHY. 



CHAP. I. 

Of Matter and Motion. 

MATTER 18 an extended, aoUd* suh- 
■tance ; which being comprehended un- 
der distinct surfaces, makes so many par- 
ticular distinct bodies. 

■ Solidity it not here considered as opposed to 
fluidity, but.»3 thst property which every body 
possesses of not penuittins any other substajice to 
occupy the same place with it at tlie same time ; 
so that both water and air^ and every other fluid, 
are equally solid, in thii sense of the word, wlih 
the hardest body. By solidij:}^ in comraon ]aii- 
guaKe, is understood the property of not being 
easily separated into parts ; and therefore ths 
reader must be careful not to conlbijnd th« mean- 
ing' of the popular with the philoaophrcKl term. 
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Motion is so well known by the sight 
and touch, that to use words to give a 
clearer idea of it would be in vain. 

Matter, or body, ia indifferent to mo- 
tion or rest. 

There is as much force required to 
put a body, which is in motion, at rest ; 
as there is to set a body, wtuch ia at rest, 
into motion. 

No parcel of matter can give itself ci- 
ther motion or rest ; and therclbre a bo- 
dy at rest will remain so eternally, ex- 
cept some external cause puts it in mo- 
tion ; and a body in motion will move 
eternally, except some external cause 
stops it. 

A body in motion will always move 
on in a straight line, unless it be turned 
out of it by some external cause ; because 
a body can no more alter the determina- 
tion of its motion than it can begin it, 
alter or stop its motion itself* 

The velocity of motion is estimated 
by the time emploj^d in moving over a 
certain space, or by the space moved 
over in a certain time;, The less the time, 
andthegreaterthe^pace moved oVer, the 
greater is th^ v^lioaty ; on the cootrvy, 
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the greater the time,and the less the space 
moved over, the less is the velocity. Ev- 
ery body in motion must have a determi- 
nate velocity. To ascertain the degree 
of this swiftness or velocity, the space 
run over must be divided by the time. 
For example, suppose a body moves over 
1000 yards in 10 minutes, its velocity 
will be 100 yards per minute^ because , 
100 is the quotient of 1000, divided by 
10. If we would compare the velocity 
of tWk) bodies A and fi, of which A 
moves over 54 yards in 9 minutes, and 
B 96 yards in 6 minutes, the velocity of ' 
A will be to that of B, in the pmportioa 
of 6 (ths quotient of 54 divided by 9) to 
16 (tne quoticDt of 96 divided by 6.) 

To know the space run over, the velo- 
city must be multiplied by the time ; for 
it is evident, that if either the velocity or 
the time be increased, the space run over 
will be greater. If the velocity be doub> 
led, then the body will move over twice 
the space in the same time; or if the 
time be twice as great, then the spice 
will be doubled : but if the velocity and 
time be both doubled, then wiU the apace 
be lour times ^s greau i 
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It follows from this, that when two 
bodies move over unequal spaces in un- 
equal times, their velocities are to each 
other as the quotients arising from divi- 
ding the spaces run over by the times. 
If two bodies move over unequal spaces 
in' the same time, their velocities will be 
in proportion to the spaces passed over. 
And if two bodies move over equal spa- 
ces in unequal times, then their respec- 
tive velocities will be inversely ^ the 
time employed-; that is, if A in one min- 
ute, and B in two minutes, run over 100 
'. yards, the velocity of A will be to that 
of Bas Sto I. 

It appears, as far as human obervaticHi 
reaches, to be a settled law of nature, 
rijat " all bodies have a tendency, attrac- 
tion, or gravitation towards one another." 

The same force applied to twt> differ- 
ent bodies, produces always the sam« 
quantity of motion in each of them. For 
instance, let a boat, which with its lad- 
ing is one tun, be tied at a distance, to 
another vessel, wluch with its lading 13 
twenty-six tuns ; if the rope that ties 
tiiera together be puUedeither in the less 
or bigger of these vessels, the less of the 
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two, in their approach one to another, 
will move twenty-six foot, while the oth- 
4r moves but one foot. 
- Wherefore the quantity of matter in 
the earth being twenty-six times more 
than in the moon, the moUon in the moon 
towards the earth, by the common force 
of attraction, by which they are impelled 
towards one another, will be twentj'-six 
times as fast as in the earth ; that is, the 
moon witl move twenty-six miles towards 
the earth, for every mile the earth moves 
towards the moon. , 

, This attraction is the strongest, the 
nearer the attracting bodies are to each 
other i a.nd in different distvces of the 
same bodies, is recipropally in the dupli- 
cate proportion of those distances. For 
instance, if two bodies, at a givbn dis- 
tance, attract each other with a certain 
force, at half the distance, they will at- 
tract each other with four times that 
force ; at one third qf the distance, with 
nine times that force ; and so on. 

Two bodies, at a distance, will put one 
another into motion by the force of at- 
traction ; which is inexplicable by us, 
though made evident to us by experience, 
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" stDd so to be taken as a principle in lui- 
tural philosophy. 

Supposing then the earth the sole bo- 
dy in the universe, and at rest ; if God 
should create tlw moon, tit the same dis- 
tance that it ia now from the earth, tb« 
earth and the moon would presently be- 
gin to move one towards another in a 
straight line, by this motion of attractidon 
or gravitation^ 

If a bodj', that by the attraction of 
another vould move in a straight line 
towards it, receives a new motion any 
ways oblique to the first, it will no longer 
move in a straight line, according to ei- 
ther of those ditections, but in a curve, 
that will partake of both ; and this curve 
*ill differ, according to the nature and 
.quantity of the forces that concurred to 
produce it; as, for instance, in many ca- 
ses it will be such a curve as ends where 
it began, or recurs into itself; that is, 
ma]K< up a circle, or an ellipsis, or ov^ 
Very little differing from a circle. 

Attraction may be divided, with res- 
pect to the law it observes, into two kinds. 
That which takes place at a sensible dis- 
tance, and that which does not extend to 
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"sensible distances. The first is called 
the attraction of gravity, or, by mathe- 
maticians, the centripetal for ce. 

This is the species of attraction whaae 
Jkws we have endeavoured to elucidate. 
It is one of the most universal principles 
in nature. We see and feel it Operate in 
bodies near the earth, and find by bbser- 
Tation that the same povrer (i. e. a power 
. which act* in the same manner, and by 
tke same rules, viz. always proportionally 
to the quantities of mattter, and inverse- ' 
lyas the squares of the distances) does al- . 
so obtain in theinoon, and the other plan- 
ets, both primary and secondary, as well 
as in the comets ; and even that this is 
■the very power by which they are all »e* 
tained in their orbits. This mighty prin- 
ciple forma the earth into a round and 
dense ball, holds every thing animate and 
inanimate to its surface, and makes its 
whole surface its general top. 

From this attraction arises all the mo- 
tion, and consequently all the mutation, 
in the great world. By this heavy bodies 
descend, and light ones ascend ; by this 
projectiles are directed, vapours and ex- 
halations rise, and rains fall ; by this 
B 
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livers glide, the ocean swells, the atr 
presses, &c. 

2d. That which does not extend to 
acnatble distances. Soch is found to ob- 
tain in the minute particles of whic}t 
bodies are composed, attracting each oth- 
er at or extremely near the point of con- 
tact, with forces often much superior to 
that of gravity, but which at any distance 
decrease much faster than the power of 
^gravity. This power a late ingenious 
author calls the attraction of coheaian, 
as being that by which the atoms or in- 
sensible particles of bodies are united into- 
sensible masses. 

The laws of motion, percussion, &c. 
in sensible bodies, under various circum- 
stances, ^a falling, projected, &c. do not 
reach those more recluse intestine ms- 
tions in the component particles of tic 
same bodies, on which depend the chan- 
ges in the texture, colour, prt^rties, 
&c. of bodies. So that our philosopfaj^ 
if it were only founded on the princijde 
of gravitation, and even carried as far a» 
this would lead us, would still be very 
deficient. But, besides the common Isws 
of sensible masses, the minute parts ibicj 
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are composed of are found subject to 
some others, which have but lately been 
noticed, and are even yet imperfectly 
knowD. Newton himself, to whose hap- 
py penetration we owe the bint, limits 
Jiimself with establishing that there are 
«tich motions in the minima natura, and 
diat they fiow from certain powers or 
forces, not reducible to any of those id 
the great worid, and from hence he ac- 
counts for an infinity of phenomena, oth- 
erwise inexplicaHe, to which the princi- 
tle of gravity is inadequate. Thus, adds 
ir Isaac, "will nature be found very 
conformable to herself, and very simple; 
perfonning all the great motions of the 
heavenly bodies by the attraction of grav- 
ihr, which intercedes those bodies, and 
alnwst all the small ones of their parts, 
by some other attractive power difiiised 
Aroug^ their particles* Without such 
principles, there never would have been 
any motion in the world ; and with6ut 
the cwittnuance of it, motion would soon 
perish, there being otherwise a great de- 
crease or diminution, of it, which is only 
M^plied by these active principles." 
By the atttaction bf cohesion are form- 
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ed stones, metals, woods, salts, and evc- 

? thing that may be denominated body, 
he effects of solders, giue, cements, &c. 

* are all from the same cause. So jewels, 
hard stones, stalactites, petrifacticma, por- 
.celain, pottery, bricks, flags, glass, ce- 
ments, artificial stones, and plastic earthy 
compositions, which preserve their-figure 
in drying, all are children of this great 
agent ; and as this power is much great- 
er in some bodies than in others, there 
arises an infinite variety in the strength, 
the weight, the texture, &c. of metals, 
stones, &c. for we have powerful reasons 
to believe that the original particles of idl 
matter are of the same weight ; and thaf- 
it is this principle that makes thegreat dif- 
ference in their specihc weight. To minds 
not used to philosophical investigation, it 
must appear a bold assertion to say, that 
the particles of gold are not one whit hea- 
vier than the particles of cork ; ibut expe- 
riment and observation shew this to b« 
really the case. 

The grand antagonist principle of the 
attraction of cohesion is fire (or caloric 

" inlhe new languageof chemistry.) These 
two opposing powers keepnature inastatc 
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«f perpetual modoiu When the attractive 
force is strongest, the body continues in a 
state of solidity ; but if, on the contrary, 
heat has so far removed the particles of it, ■ 
astoplacethembeyondthe sphere of at- 
ttaction they lose their adhesion, and the 
body becomes fluid. Water, when cooled 
below 32 de^ees of Fahrenheit's ther- 
mometer, becomes solid, and is called 
ice. - Above that temperature, its parti- 
cles not being held together, it becomes 
li<]uid ; but when raised to 212 degrees, 
its particles give way to the repulsive 
power of fire, and, flying off, assume an 
scriform state, called steam ; the same 
•may be aSirtned of all bodies in nature, 
for even diamonds, the hardest substance 
vc know, are capable of being dispersed 
by a common cOlinary fire> 

It may therefore be considered as an 
axiom, that all bodies are capable ia cer- 
tiMn circumstances, of the three states of 
jtoReGty, fiuidity, and gaa. 

The atoms of which bodies are formed, 
are concealed from us by their minute- 
iKss,and though they are the active parts 
of matter, and the great instruments of 
^iiature,OD which depend all its operations, 
B2 
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we can form no idea of them, for whether 
we view animate or inanimate matter, 
the corppscles of which it is formed arc 
so infinitely smalt, as not only to escape 
the scrutiny of tlie highest ma^ifying 
powers in glasses, but even imaginatioo 
itself is incapable of forming an idea of 
an original particle of matter: One pound 
of gold is capable of covering a wire that 
will circumscribe the globe, nay, so infi- , 
nite is this divisibility that Lewenhoeck 
discovered more living animalculEe in the 
milt of one single cod-&sh than there are 
men, women, and children on the face of 
the earth ! and those so small that many 
thousands may stand upon the point of a 
needle. And if we suppose that these 
animalculje are furnished with blood, like 
other animals, and if the globules of their 
blood bear the same proportion to their 
bulk as those of a man bear to his body, it 
may be proved, that the smallest visible 
grain of sand would contain more of these 
globules than 10,256 of the largest moun- 
tains in the world would contain gr^ns 
of sand- 
When ive consider these things we 
seem to look down into infinity ; and as, 
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in the contemplaticm of the starry heavens, 
we can conceive no term to the exten^on 
of space ; so, m regarding the minute 
parts of creation we see no end to the 
divisibility of matter. We are lost in 
wonder when we -attempt to comprehend 
either the vastness or the piinuteness of 
creation, and are necessarily made to 
feel that it belongs only to the one great 
and incomprehensible Power, who work' 
cth in ways past finding out. 
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CHAP. II. 
Of the Universe, 

TO any one, who looks about him m 
the world, there are obvious several dis- 
tinct masses of matter, separate from one 
another ; some whefeof have discernable 
motions. These are the sun, the fixed 
slars,the comets, and tjie planets, amongst 
which this earth, which we inhabit, is 
one. All these are visible to our nalced 
eyes. 

Besides these, telescopes have discov- 
ered several fixed stars, invisible to the 
naked eye; andseveral other bodies mo- 
ving about some of the planets ; all which 
were invisible and unknown, befisre the 
use of prospective glasses was found. 

The vast distances between tljese great 
bodies, are called intermundane spaces ; 
in which though there maybe some fluid 
matter, yet it is so thin and subtile ; and 
' there is so little of that in respect of the 
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great masses that move in those spaces, 
that it is as much as n<dJiing> 

These masses of matter are, either lu- 
minous, or opaque orclark. 

Luminous bodies, are such as give 
light of themselves ; and such are the 
sun, and the 6xed stars- 
Dark or opaque bodiea, are such as 
emit no light of themselves, though they 
are capable of reflecting it, when it is 
cast upon them from other bodies : and 
such are the planets.* 

There are some opaque bodies, as for 
instance the comets, which besides the 
light, that they may have from the sun, 
seem to shine with a light that is nothing 
else but an accension, which they receive 
from the sun, in their near approaches to 
it, in their respective revolutions. 

The fixed stars are so called, because 
they always keep the same distance one 
from anodier. 

On a view of the visible system of na- 
ture, by us called die universe, the grand- 
est and most admired object is the great 
luminary of day. Jls splendour, its heat, 
and its beneiicial influence have always 
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excited the particular attention of the hu- 
man specieS) and have obtained ;the ado- 
ration of all thosenatioDs which have not 
been blessed with revelation. 

Those who are not accustomed to aa- 
tronooaical calculation, will be surprized 
at the real magnitude of this luminary ; 
■ which, on account of its distance from us, 
appears to the «ye not much larger than 
the moon, which is only an attendant on 
our earth. When looking at the sun, 
we are viewing a gh>be, whose diameter 
18 890,000 Engli^ miles ; whereas the 
earth is no more in diameter than 7,970 
mites ; so that the sun is about 1 ,392,500 
times bigger than the earth. Thus as it 
is the fountain of light and heat to all the 
planets, so it also far surpasses them in 
Its bulk. 

The sun has several spots, which are 
visible on its surface. These spots were 
entirely unknown before the invention of 
telescopes, though they are sometimes 
of sufficient magnitud^to be discerned by 
the naked eye. There is a great variety 
in their magnitudes ; some have been so 
large, as by computation to be capable of 
U)veriiig the continents of Asia and Af- 
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ricEt ; nay, the whole surface of the earthy 
or even &ve times its surface. 

The nature and formation of the solar 
spots have been the subject of much 
Specutauon and conjeeture.. The latest 
cJ}servations on them, and on the nature 
and construction gf the sun, are those of 
Dr. Herschel : he considers the aun as 
ft most magnificent habitable globe, sur- 
rounded by a double set of clouds. Those 
which are nearest its opaque body, are 
less bright, and fnore closely connected 
together than those of the upper stratum, 
which form the luminous apparent globe 
we behold. This luminous external mat- 
ter is of a phosphoric nature, havingseve- 
ral accidental openings in it, through 
which we see the sun's body, or the more 
opaque clouds beneath. Those opening! 
form the spots we see. 

Next to the sun, the moon is the most 
splendid and shining globe in the hea- 
vens ; and by dissipating, in some meas- 
ure, the darkness and the horrors of the 
night ; subdividing the year into months, 
and regulating the flux and reflux of the 
sea, she not only becomes a pleasing, but 
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a ^yelcoIne object ; affording much for 
speculation to the contemplative miad, 
and of real use to the navigator, the 
traveller, and the husbandman. The 
Hebrews, the Greeks, the Romans, and in 
general, all the ancients, used to assem- 
ble at the time of the new moon, to dis- 
charge the duties of piety and gratitude 
for its manifold uses. 

When we view this attendantrt'*'' pur 
earth in its nightly course, we seldom 
form an adequate idea either of its mag- 
nitude, or its motion. While it aeenis to 
take some hours in getting half a yard 
from a star which it touched, we never 
reflect that this is an immense mass of 
matter, of 3180 miles in' diameter, dri- 
ving through the heavens at the rate of 
considerably more than two thousand 
miles an hour, which is more than double 
of that with which aball is shot off from 
the mouth of a cannon. 

The face of the moon is greatly diver- 
Bified with inequalities, and parts of dif- 
ferent colours, some brighter, and some 
darker than the other parts of her disk. 
When viewed through a telescope, her 
face is evidently diversified with hills and 
valleys : and the same is also shewn by ■ 
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the edge or border of ihe moon appearing 
jagged, when so viewed, especiaUy about 
the confinea of the illuminated part when 
the moon is either homed or gibbous. 

M. Schroetcr, of the Royal Socieij'' of 
GotUngen, in the year 1 792, seems to have 
talceti great paina to investigate the truth 
of this matter. According to liim, the 
surface of the moon appears to be much 
more unequal than that.of our earth ; and 
these inequalities have great variety ,both 
in form and magnitude. There are large 
irregular plains, on which are observed 
long and narrow strata of hills running in 
a serpentine direction : some of the moun- 
tains form extensive chains ; others, which 
are in general the highest, stand alone, 
and are of a conical shape : some, have 
craters ; others form a circular ring in- 
closing a plain. The most lofty moun- 
tain on the surface of our globe is suppo- 
sed to be Chimboraco, which is not twen- 
ty thousand feet in height ; but there are 
many in the moon which are much high- 
er : that which is distinguished by the 
name of Leibnitz, is not leas than 25,000 
feet. . 

C 
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The craters of the moon arc cifcu^r, 
snd surrounded with an annular ban]c of 
hills : they are remarkable for their 

. width, many of them being from four to 
fift^n geographical miles in diameter : 
some are not deeper than the level of the 
moon's surface ; others arc 90O0, 12,00O, 
and 15,0(>> feet in depth ; that of ono 
which M- Schroeter calls BernouiUi, is 
above 18,000 feet. 

On the face of the moon are likewise 
volcanoes which appear to the observer 
as lighted coals, and illuminate the neigh- 
bouring mountains. 

With respect to the nature and con- 
struction of the moon and the probability 
of its being inhabited. Dr. Herschel, in 
his papers published in the Philosophical 

'Transactions of 1795, concludes, after 
tracing the great similarity between it and 

_the earth, as follows : "There seems on- 
ly to be wanting, in order to complete 
the analogy, that it should be lohabited. 
To this it may be objected, that we per- 
ceive no large seas in the moon ; that its 
atmosphere (the existence of which has 
evenbeen doubted by many^ is extreme- 
ly rare, and unfit for the purposes of ani> 
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mal life ; l^at its climates, its seasons, 
and the length of its days, totally differ 
from ours ; that without dense clouds 
(which the moon has not) there can be 
no rain ; perhaps no rivers, no lakes. In 
short, that, notwithstanding the similarity 
which has been pointed out, there seems 
to be a decided diflference in the two pla- 
nets we have compared. My answer to 
this will be, that that very difference 
which is now objected willTather strength- 
en the force of nw argument than lessen 
its value ; we find, even upon our globe, 
that there is the most striking difference 
in the situation of the creatures that live 
Upon it. While man walks upon the 
ground, the Urds fly in the air, and fishes 
swim in water ; we can certainly not ob- 
ject to the conveniences afforded by the 
moon, if those that are to inhabit its re- 
gions are fitted to their conditions as well 
as we on this globe are to ours. An ab- 
solute or total sameness seems rather to 
denote imperfections, such as nature nc- 
ver exposes to our view; and, on this ac- 
count, I believe the analogies that have 
been mentioned fully sufficient to estab- 
lish the high probability of the moon'* 
being inhabited like the earth." 
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— ^Lastly of the eardi on which we dwell. 
Speck as this may appear > in the im- 
mensity of creation, it is nevertheless to 
«s of the highest importance ; we only, 
wish to obtain aknowledge of other pla- 
nets and systems, that we may find out ' 
their relation to this, and from thence 
learn our connection with the universe at 
large. 

The external part of the earth either 
exhibits inequalities, as mouutains and 
valleys j or it is plane and level ; or dug 
in channels, fissures, beds, &c. for rivers, 
lakes, seas, kc. — These inequalities in 
the face of the gl<Ae most naturalists 
suppose have arisen from a rupture or 
subversion of the earth, by the force ei- 
ther of the subterraneous fires or waters. 
The earth in its natural and origitial state, 
it has bteen supposed by Des Cartes, and 
after him Burnet, Steno, Woodward,' 
Whi&ton and others, was perfectly round, 
amooth, and equable ; and they accoimt 
Jgr its present rude and irregular form, 
prracipally from the great deluge ; but 
from whatever cause those inequalities 
may have arose, or at what period, they 
aecm a necessary part of the economy of 
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OKture. It is the intermediate space be- . 
tween the. mountain's top and the sea- 
shore that forms the habitation of phuUB 
and animals— -While there is sea-shore 
aud high gromid, there is that whiclt is 
required in the system of the world ; 
take that away, and there would remain 
)« aqueous ^obe in which the world 
would perish. 

What the internal tir central part of the 
earth is composed of is utterly unknowa 
to us, though many opinions have been 
formed respecting it ; the utmost depth to 
which it hath been penetrated by human 
art not being more than 2400 feet, or less 
than half a mile^'which, when compared 
with the length of the diameter, is a wery 
short distance indeed. FMm its mean 
density, however, which is to that of wa- 
ter as 9 to 3, and to common atone as 9 
to 5, it is presumed that it contains great 
quantities of metals. 

The figure of the earth is that of a 
spheroid, having its equatorial diametw 
loagerthan its polar diameter. It isccm- 
sequently flattest at the poles, and more 
protuberant at the equator. 

With respect to the magmtude of tiie 
C3 
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earth, this lias been variously determined 
hy different authors, both ancient and 
modem. — The following dimensions may 
be taken as near the truth. 

The circumference . .25,000 miles. 
The polar diameter . . 7893 miles, 
■ The equatorial diameter 7928 miles, 
The superficies 198,944,206 sq. miles. 
The solidity 263,930,000,000 cubic m. 
Also the seas, and unlcnown parts of the 
earth, by a measurement of the best maps, 
coHtain 160,533,036 square miles ; the in- 
habited parts, 36,922,180 ; of which Eu- 
rope contains 4,456,065 ; Asia, 10,768,- 
823 ; Africa, 9,654,807 ; and America, 
14,110,874 square miles, 

^the divisions of the Earth. — In tak- 
ing a view of the terraqueous globe the 
mqst obvious divisions that present them- 
selves, are those that are sketched by the 
yielding water on the crooked shore, call- 
ed continents, islands, seas, &c. 

A continentis slarge tract of land not 
-separated by the sea ; as Europe, Asia, 
&c, Anocean is a vast collection of wa- 
ter notseparated by land; as the Atlan- 
tic, Pacific, &c. — A Boais a smaller col- 
lection of water commuDicating with the 
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octan ; as the Meditxn-anean, the Baldc. 

An island is a tract of land surrouaded 
by water; as Grea:t Britun, Ireland, &c. 
A lake is water surrounded by land ; as 
the Lake of Geneva. 

A cape or promontory is apoint of tand 
running far into the sea ; as the Cape of 
Good Hope. A bay is a part of the 
ocean running far into the land ; as the 
Bay of Biscay. 

A peninsula is land almost surrounded 
with water ; as the Morca. A gul|^ i» 
a part of the sea almost surrounded with 
land ; as the Gulph of Venice. 

An isthmus is the narrow part of land 
which joins the peninsula to any countiy ; 
asthe Isthmus of Suez. A Strait is aaar- 
Tow passage from one sea to another ; as 
the Strait of Gibraltar. 

The earth is also divided into four quar- 
ters; Europe, Asia, Africatand America. 

Besides these, there are othjer divi- 
sions of a more varying character ; such 
are the political boundaries that separate 
kingdoms and empires. 

Kingdoms, provinces, towns, &c. are 
divisions of the earth that change with the 



aiFairs of the nations that have made 
them ; and accordingly in different ages, 
they alter their appearancei. 
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Of the Solar System. 

OUR solar system consists of the suu, 
and the planets, and comets moving about 
it. 

The planets are bodies which appear 
to us like stars ; not that they are lumi- 
nous bodies, that is, have light in them- 
selves ; but they shine by reflecting the 
sun. 

They are called planets from a Greek 
word, which signifies wandering ; be- 
cause they change their places, and do 
not always keep the same distance with 
one anoUier, nor with the fixed stars, as 
the fixed stars do. ^ 

There are two kinds of planets, prima- 
ry and secondary. The first move round 
the sun, and respect him only as the cen- 
ter of their motions. The secondary 
planets, called also satellites, or moonty 
are sAaller planets, revolving round the 
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primary, while they, with the prtmaty 
planets ^>out which they move, are car- 
ried round the sun. Tne planets move 
round the sun at various distances, some 
being much nearer to him than our earth, 
and others being much further off. 

There are nine primary planets, which 
are situated with respect to their distan- 
ces from the sun as follows : 
? ? ffi d" 

MtTCury, Venus, The Earth, Mart, Ceres, Pallai, 

n ^ ^ .. 

yvpiler, Saturn, and Hirschcl, or the Georgiam Sidm, 

Of these, our earth is accompanied by 
one moon, Jupiter has four moons, Sa- 
turn has seven moons, and the Georgium 
planet has six moons. None of these 
moons, except our own, can be seen with- 
out a good telescope. The other five 
planets do not appear to have any satel- 
lites or moons. 

All the planets move round the sun 
from west to east, and in the same direc- 
tion do the moons revolve round their 
primaries, except'oig those of the Geor^- 
um planet, which seem to move in a con- 
trary direction. The paths in which 
they move round are called their orbitt. 
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Th^ perform their revolutions also in 
very different periods of time. The time 
of performing their revolutions round 
the sun is called their year, and the time 
of performing their revolutions on thSir 
axes their day. 

The axis of a planet is an imaginary 
line conceived to be drawn through its 
center, about which it revolves as if on a 
real axis. The extremities of this line, 
terminating in opposite points of the 
planet's surface are called its poles. A 
bowl whirled from one's hand into the 
open air turns round such a line with- 
in itself, whilst it moves forward ; and 
Buch are the lines we mean when we 
Bpealc of the axes of the heavenly bodies. 

Venus and Mercury being nearer to 
the suD than our earth, are called inferior 
planets, and all the rest, which are with- 
out the eardi's orbit, are called superior 
planets. 

The sun is placed near the common 
center, or rather in the lower* focus of 

* If a thread be tied loosely round two pin> 
■tuck in s tabic, and moderately stretchedliy the 
^nt of a. blactlf ad pencil carried round hj an 

(Tea motioa uid light pressure of the btnd, la 
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the orbits of aQ the planets and comets, 
and turns round his axis in 25 days 6 
hours, as IB evident by the motion of 
spots seen on his surface. By the vari- 
ous attractions of the circumvolving plan- 
ets, he is agitated by a small mouon. 
round the center of grivity of the system. 
Let us suppose the earth's orbit to be 
a thin, even, solid plane ; cutting the sun 
through the center, and extended out as 
far as the starry heavens, where it will 
mark the great circle called the Ecliptic. 
This circle we suppose to be divided into 
12 equal parts, called Sig-ns ,- each sign . 
into 30,equal parts, called iie^ree*,- eacTi 
degree into 60 equal parts called Minutes ; 
and every nunute into 60 equal parts, 
called Seconds; so that a second is the 
60th part of a minute ; a minute the 60th 
part of a degree ; ' and a degree the 360th 
part of a circle, or 30th part of a Sign. 
The planes of the orbits of all the other 

oval ellipsis will be described: the two points 
■where the pins fre fised heme' called the _/oci or 
focuses thereof, The orbits of all the planets are 
elliptical, an^ 3ie sun is placed in or near one of 
the foci of eich of them ; ajid that in which he is 
pliLced is QtUsA tbe iovier Jacus. 
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i4a&et3 likewise cut the sub in halves ; 
but extended to the heavens, form circles 
different from one another, and from the 
ecliptic ; one half of each being on the 
DOrth side, and the other on the south 
side of it. Consequently the orbit of 
each planet crosses the ecliptic in two op- 
posite points, which are called the plan- 
et's Kodes. 

Mercury is the first planet in the or- 
der of the system. It is computed to be 
sbout 37,OC«,0OO miles distant from the 
sun, and to move at the rate of 105,000 
miles an hour, completing its orbit in 
. about 88 of our days, or little less than 
three months, which is the length o£ its 
year. It is not much larger than the 
mooiT, being about 3200 miles in diame- 
ter. 

Vanus is the second planet from the 
sun, remarkable for its brightness, it is 
computed to be 68,000,000 miles from 
It, and to move round it at the rate of 
76,000 miles an hour, completing its 
annual revolution in 224 days 17 hours, 
or above 7^ months. Its diameter i» 
7700 miles, and its diurnal revolution ia 
perfornvul in 33 boUra S^ minute*. 

» . 
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When it is to the west of the sun, it is 
a tnomiiig star ; when to the east, it Is ao 
evening star. 

Our Earth is the third planet in the 
order of our system. Its diameter is 
7970 miles, and it turns round on its axis 
in the course of a day- Its distance from 
the sun is 95,000,000 miles, and moves 
at the rate of 58,000 miles an hour, com- 
pleting its orbit in the course of a year. 

Mars is the fourth planet from the 
sun, from which it is distant about 
144,000,000 miles. It moves at the rate 
of 55,000 miles an hour, and completes 
its orbit in a little less than two of our 
years. Its diameter is 4200 miles, and 
its rotation on its axis is performed in 
about 34 hours and 39 minutes. 

Ceres Ferdinandea is the fifth planet 
from the sun. Its diameter is 160 
. miles, and its distance from the sun is 
260,000,000 miles. It was discovered 
on the first day of the present century by 
Mr. Piazzi, an Italian astronomer. 

Pallas ia the sixth planet in the order 
of the system. It was discovered by 
Dr. Olbers of Bremen, on the 28th of 
March, 1802. Its distance from the sun 
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is 366,000,000 miles, and its diameter 
80 miles. 

This planet and the last Dr. Herschel 
proposes to call asteroUls, because they 
are so much smaller than any of the Oth- 
er planets. 

Jupiter is the seventh planet in the or- 
der of our system, and the largest that 
has yet been discovered, being nearly a 
thousaiid times as large as our earth. 
He is computed to be about 490,000,000 
miles from the sun, to go at the rate of 
29,000 miles an hour, and to be 89,000 
miles in diameter. He finishes his annu- 
al period in eleven of our years 314 days 
and 12 hours, and turns round his axis 
in 9 hours 56 minutes ; bo that his year 
contains 10,470 days. From this plan- 
et's turning so swiftly on its axis, its fi- 
gure is more oblate than that of the earth, 
being more than six thousand miles long- 
er in its equatorial than in its polar di- 
ameter ; this swiftness of its diurnal mo- 
tion also draws its clouds and vapours 
into streaks or lines over its equatorial 
parts, forming what is called Jupiter's 
belts. 

SatiArn is the eighth planet from the 
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sun, and is about 900,000,000 mitea dis- 
tant from it ; it is carried along its orbit 
at the rate of 32,000 miles an hour, which 
it completes in 29^ of our years. It8 
diameter is computed to be 79,O00 miles ; 
its rotation on its axis has been discover- 
ed by Herschel to be completed in about 
ten hours and a quarter. -Tbere is a ring^ 
or a broad circular arch, encompaases 
the bod^ of this planet, without touching 
it, somewhat simitar to the wooden hori- 
zon of an artificial globe ; only that the 
interior space occupied by the planet is 
very" considerable. It is about 21,000 
miles in breadth ; which is equal to its 
distance from Saturn on all sides. It 
spears like a targe luminous arch in the 
heavens, as if it did not belong to the 
plauet. 

Herschel is the ninth planet in the or- 
der of our system, and is twice as far dis- 
tant as Saturn from the sun, and will be 
' nearly 83 years in going round iu It 
is ninety times as large as the earth, and 
is visible to the naked eye on a clear eve- 
ning, if the moon be absent. 

These with their moons we consider 
u the regular bodies of our system, sq 
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regular indeed, that their phenomena 
may be pretty exactly calculated for ages- 
There may be other planets, which hu- 
man observation has not yet discovered, 
and which, perhaps, it never may. 

All the planets move nearly in the di- 
rection of the ecliptic ; and that space 
on each side of it, which bounds their ut- 
most deviations, is called the Zodiac, It 
is a broad drcle or belt in the starry 
heavens ; and is about 16 degrees in 
breadth, and the ecliptic equally divides 
it in two all round, so that the planets are . 
always found amongst some of the cons- 
tellations, which form the twelve signs of 
the zodiac. 

The reason of their motions in curve 
lines, is the attraction of the son, or their 
gravitations towards the sun (call it 
which you please ;} and an -oblique or 
aide-long impulse or motion ; the former 
is commonly called the centripetal force, 
and the latter the ^e7itri/M^a//orce. * 

These two motions or tendencies, the 

on« always endeavouring to carry them 

in a straight line from the circle they move 

in, and the other endeavouring to draw 

D2 
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them in a straight line to the sun, make 
that a curve line they revolve in. 

From the great analogy there is ber 
tweenthe other planets and our earth it is 
generally supposed by astronomers that 
uiey are inhabited, and indeed we can 
never bring ourselves to think, that an in- 
finitely wise Creator should dispose of 
bQ his animals and vegetables here, leav- 
ing the other magnificent planets, with all 
their noble attendance of moons, bare 
and destitute of rational creatures. ' To 
suppose that he had any view to our bene- 
fit, in creating these mooos, and giving 
them their motions round Jupiter, Sa- 
turn and Herschel; to imagine that he 
intended these vast bodies for any ad- 
vantage to UB, when he well knew that 
they could never be seen but by a few 
astronomers peeping through telescopes ; 
and that he gave to the planets regular 
returns of days and nights, and different 
* Seasons to all where they would be con* 
venicnt i but of no manner of service to 
us, except only what immediately regafds 
our own planet the earth ; to imagine that 
he did all this on 'our account, would be 
charging him- impiously, with having 
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(ione much in va'm ; and as absurd, as to 
imagine that he has created a little sun 
and a planetary system within the shell 
of our earth, and intended them for our 
use. These considerations amount to 
little less than a positive proof, that all 
the planets are inhabited ; for if they are 
not, why all this care in furnishing them 
with so many moons, to supply those 
with light which are at the greater dis- 
tances from the sun f Do we not see, 
.that the farther a planet is from the sun, 
the greater apparatus it has for that pur- 
pose i save only Mars, which being but 
a small planet, may have moons too small 
to be seen by us. We know that the 
ewth goes round the sun, and turns 
round its own axis, to produce the vicis- 
aitudes of summer and winter by the 
former, and of day and night by the latter 
motion, for the benefit of its inhabitants. 
May we not then fairly conclude, by pa- 
rity of reason, that the end and design of 
all the other planets is the same ? and is 
not this agreeable to the beautiful harmo- 
ny "which exists throughout the universe i 
Surely it is ; and raises^ in us the mijSt 
magniliceiit ideas of the Suprciue Being, 
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who is every where, and at all times pre- 
sent ; displaying his power, wisdom and 
goodness among all his creatures ! and 
distributing happiness to imtumerable 
ranks of various beings ! 

Of Cornels. — Of idl the celestial bodies, 
comets have given rise to the greatest < 
number of speculations and conjectiu-es. 
Their strange appearance has in all ages 
been a matter of terror to the uninform- 
ed, who have generally looked upon them 
to be evil omens, and forerunners of war, 
pestilence, &c. 

The existence of an universal connec- 
tion between all parts of the siderial hea- - 
vens is now generally admitted. Comets 
undoubtedly form a part of this great 
chain ; but of the part they occupy, and 
of the uses for which they exist, we are 
in a great measure ignorant. It is a por- 
tion of science whose perfection is reser- 
ved for some distant day, when these bo- 
dies, and their vast orbits, may, by long 
and accurate observation, be added to the 
known parts of the solar system ; when 
astronomy will appear with new lights, 
after all our discoveries, great as we at 
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present tmagiiie them to be. Upon the 
whole, the astronomy of comets is very 
imperfect ; for but little can be known 
with certaintj- where but little can be 
Been. Comets afford few observations 
on which to ground conjecture, and are 
for the greatest part of their course be- 
yond the reach of human vision. 

Like the planets, they are observed to 
be opaque bodies, shining only by the in- 
fluence of the Bun, and like them are car- 
ried along in their orbits, by the combi- 
nation of the centripetal and centrifugal 
forces ; sometimes seeming to go for- 
wards, somedmes backwards, and some 
times to be stationary. The great eccen- 
tricity of their orbits make them liable to 
suffer considerable alterations, from the 
attraction of the planets, and of each oth- 
er. 

They are called comets, from their 
having a long tail, somewhat resembling 
the appearance of hair. This, however^ 
is not always the case ; for some comets 
have appeared, which were as well defi- 
ned, and as round as planets ; but in gen- 
eral, they have luminous matter diffused 
tuxiund them, or projecting out from 
them. 
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From the beginning of our era to this 
time, it is probable, according to the best 
accounts, that there have appeared about 
5O0comets. Before thattime about 100 
others are recorded to have been seen, 
but it is probable, that not above half of 
them were comets. And, when we con- 
sider, that many others may not have 
been perceived, from being too near the 
sun, from appearing in moonlight, from 
being in the other hemisphere, from be- 
ing too small to be perceived, or which 
may not have been recorded, we might 
imagine the whole number to be consid- 
erably greater : but it is likely, that of the 
comets which are recorde^i to have been 
seen, the same may have appeared seve- 
ral times, and therefore the number may 
be less than is here stated. 

Of the Moon- — The moon goes round 
the earth from change to change in 29 
days 12hours and 44 minutes; and round 
the sun with it every year. The moon's 
diameter is 2180 milei ; and her dis- 
tance from the earth's center 240,000 
miles. She goes round her orbit in 27 
^ys 7 hours 43 minutes, moving about 
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2290 miles every hour ; and turns round 
her axis exactly in the time that she goes 
round the earth, which is the reason of 
her keeping always the same side towards 
us, and that her day and night taken to- 
gether is as long as our lunar month. 

Xhe moon is an opaque globe like the 
earth, and shines only by reflecting the 
light of the Sun ; therefore whilst that 
half of her which is towards the sun is 
enlightened, the other half must be dark 
and itivisible. Hence she is indessandy^ 
varying her appearance ; sometimes she 
looks full upon us, and her visage is all 
lustre i sometimes she shews only half 
her enlightened face, soon she appears as 
a radiant crescent, in a little time all her 
brightness vanishes, and she becomes a 
beamless orb. The/«// moon, or oppo- 
sition, is that state in which her whole 
disk is enlightened, and we see it all 
bright, and of a circular figure. The 
jiew moon is when she is in conjunction 
with the sun ; in this statv, the whole 
surface turned towards us is dark, and is 
therefore invisible to us. The first quar- 
ter of the moon she appears in the form 
of a semicircle, whose circumference is 
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turned towards the west. At the last 
quarter she appears again under the form 
of a semicircle, but with the circumfer- 
ence turned towards the east. These 
phases may be illustrated in a very plea- 
sing manner, by exposing an ivory bait 
to the sun, in a variety of positions, by 
which, it may present a greater or small- 
er part of its illuminated surface to the 
observer. If it be held nearly in opposi- 
tion, so that the eye of the observer be 
almost immediately betwet;n it and the 
6un, the greatest part of the enlightened 
side will be seen i but if it be movt:d in a 
circular orbit, towards the sun, the visi- 
ble enlightened pan will gradually de- 
crease, and at last disappear, when the 
balFishetd directly towards the sun. Or 
to apply the experiment more immedi- 
ately to our purpose ; if the ball, 3t sny 
time when Ihe sun and moon are both 
visible, be held directly between the eye 
of the observer and the moon, that part 
of the ball op which the sun shines, will 
appear exactly of the same figure as the 
moon itself. 

The moon has scarce any difference of 
seasons j her axis being almost perpen-^ 
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dkular to the ecliptic. What 13 very 
singular, one half of her has no darkness 
at all ; the partly constantly affording it a 
strong light in the sun's absence ; while 
the other half has a fortnight's darkness 
and a fortnight's light by turns. 

Our earth is a moon to the moon, wax- 
ing and waning regularly, but appearing 
thirteen times as big, and Kffbrding her 
thirteen times as much light, as sbe.does 
to us. When she changes to us, the earth 
appears full to her ; and when she iS in 
her first quarter to us, the earth is in its 
third quarter to her ; and vice versa. 

Of Eclipses. — When any of the hea- 
venly bodies is obscured or darkened by 
the shadow of another falling upon it, or 
by the interposition of any body, it is said 
to be eclipsed. 

An eclipse of the moon is, when the 
earth, being between the sun and the 
moon, hinders the light cf the sun from 
falling upon and being reflected by the 
moon. If the light of the sun is kept off 
frfem the whole body of the moon, it is a 
total eclipse ; if from a part only, it is a 
partial one. 

E 
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An eclipse of the sJm is, when the 
moon, bciiig between the sun and th« 
earth, hinders the light of the sun frortl 
coming to us. If the moon hides' from 
us the whole body of the sun, it is a to- 
tal eclipse, if not, a partial one. 

The eclipses of the sun and the moon, 
though e;cpre9sed by the same word, are 
in nature very different ; the sun, in r^ 
alicy, loses nothing of its native lustre in 
the greatest eclipses, but is all the while 
incessandy sending forth streams of light 
every way around htm, as copiously as 
before. Some of these streams are, how- 
ever, intercepted, in their way towards 
our earth, by the moon coming between 
the earth and the sun ; and the moon ha- 
ving no light of her own, and receiving 
none from the sun on that half of the 
globe which is towards our eye, must 
appear dark, and make so much of the 
sun's disk appear so, as is hid from us by 
her interposition. What is called an 
ecli[»e of the sun, is therefore, in reality, 
an eclipse of the earth, which is deprived 
of the sun's light, bv the moon's coming 
between, and casting a shadow upon it. 
The earth being a' globe, only that half 
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sf it, which at xaj time is turned towards 
the sDd, can be enlightened by him at 
tiiat time : it is some part ofthis enlight- 
eoed half of the earth that the moon's 
shadow falls on in a Eolar eclipse. . 

In any year the number of eclipses of 
bo^ luminaries cannot he less than two, 
DOr more than six. Eclipses of the sua 
are more frequent than of the moon, be- 
cause the sun's ecliptic limMs are greater 
than the moon's ; yet we have more visi- 
ble eclipses of the moon than of the sun, 
'because eclipses of the moon are seen 
from all parts of that hemisphere of the 
earth which is next them, and are equally 
great to each of those parts j but the sun's 
eclipses are visible onlv to that small 
portion of the hemisphere where the 
moon's shadow falls. 

An eclipse af the moon can never hap- 
pen but at the time of full moon. 

An eclipse of the sun always begins on 
the western, and ends on the eastern side ; 
because the moon, moving in her orbit 
from west to east, necessacily first ax- 
rives and touches the sun's western limb, 
and goes off at the eastern ; that of the 
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moon commences at the eastern and ends 
at the western. 

The Satellites, or moons, are often 
eclipsed by the plimets to which they be- 
long. 

A digit is the 12th part of the sun or 
moon's diameter, and is a term ofttn 
used in speaking of eclipses. The disk 
of the sun or moon is its round face, 
which, on account of the great distance 
of the object, appears flat. The edge or 
border of the disk is called the limb. 
. The immersion of a heavenly body, i» 
the time when an eclipse begins ; its 
emersion is when it begins to re-appear. 



Of the Fixed Stars. 

NO part of the universe affords such 
«xalte4ideas of the structure and msig- 
nificeiice of the heavens, as the consider- 
ation of the number, magnitude, nature, 
and distance of the 6ied stars. We ad- 
mire indeed, with propriety', the vast 
bulk of our own globe ; but, when we 
consider how much it is surpassed by 
mostof the heavenly bodies, what a point 
it degenerates into, and how little moi-e 
even the vast orbit in which it revolves 
would appear, when seen from some of 
the fixed stars, we begin to conceive more 
just ideas of the extent of the universe, 
and of the infinity of creation. 

The fixed stars comprehend all the ce- 
lestial objects, excepting the sun, the 
moon, and the planets, and some c 
which now and then appear. 
E2 
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Xhe stars, on account of their apparent- 
ly various niag;nitudcs,have been distribu- 
ted into several classes or orders. Those 
which appear largest, arc called stars of 
thejirMt magnitude ; the next to ihem in 
\a6ttt, stars of the xKond magnitude; and 
soon to the sijtiA, which are the smallest 
that are visible to the bare eye. Thia 
distribution having been made long be- 
fore the invention of telescopes, the stars 
which cannot be seen without the assist- 
ance of Uiese instruments, are distinguish-' 
cd by the name of telescopic stars. 

They are likewise distinguished, with 
regard to their situation, into asteriama^ 
or constellations ; which are nothing but 
assemblages of several neighbouringstars 
considered as constituting some deter* 
minate figure, as of an animal, &c. from 
which it is therefore denominated. 

The number of constellations in the 
northern hemisphere is 3d ; in the south- 
ern 32 ; and in the ecliptic 12. Those 
stars which are not included in the con- 
stellations, are culled unformed stars ; 
those clusters of stars which are so dis- 
tant as not to be distinctly seen, are, from 
their cloudy i^pcarance, compriseid un- 
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dcr the name ffinebuUe; and t^at light- 
coloured irregular circle or band which 
encompasses the heavens, and is distin- 
guishable from the etherial blue hy its 
brilliancy ; that shining zone, which 
owes its splendour to the innumerable 
stars of which it is formed, and which 
passes through many of the const ellaiions 
in its ample range, is called the Galaxy, 
the via lactea, or the miliy way. 

The idea of classing the stars under 
well known forms probably originated 
with the Egyptian shepherds, who dur- 
ing the silent watches of the night (as 
they slept in the open air) had no other 
objects to contemplate than those which 
the starry heavens presented ; among 
these, assisted by the powers of a fertile 
imagination, they discovered a distant 
resemblance of such things as they were 
mostfamiliarwith. The shepherds thus 
conceiving the figures of things in the 
firmament, the poets embellished the il- 
lusion with the fictions of mythology, 
till the heavens were, as it were, filled 
with these imaginary creatures, and these 
were increased in after ages, and served 
astronomers in their accounts of the star- 
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ry heavens, as the present divisions of 
the ettrth help geographers in the descrip- 
tion of the globe. 

The twelve constellations which sur- 
round the ecliptic, commonly called the 
twelve signs of the zodiac, are the fol- 
lowing — Aries the Ram, Tnura.; the Bull, 
Gemini the Twins, Cancer the Crab, Lea 
the Lion, Virgo the Vir^n, Libra the 
Bala^ce, Scorpio the Scorpion, Sagittar' 
rius the Archer, Capricornus the Goat, 
Aquarius the Water-bearer, and Pisces 
the Fishes ; and th«y are noted on globes, 
&c. in the following manntr ; — 

Jrits- Taartu. Gemini. Cancer. Leo, Virgo. — Libra- 
Scorpio. Sagg'Uaniiu. Cafiriccrnui, Aqaariut. Paeea. 

t»i ■ i y? ^ X 

The former six are called northern, and 
the latter southern signs ; because the 
former possess that half of the ecliptic 
which lies to the northward of the equi- 
noctial j aiid the latter thut which lies to 
the southward. The northern are our 
summer signs, the southern our winter 

As these twelve signs answer to the 
twelve months in the year, it ia a vtiy 
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probable conjecture tbat the Egurcs un- 
der which they are represented are de- 
scriptive of the seasons of the year, or 
oumths, in the sub's path ; thus, the lirst 
sign Aries, denotes, that, about the time 
when the sun enters that part of the 
ecliptic, t]»e Iambs begin to follow the 
sheep ; that on the Sun's approach to the 
second constellation, Taurus the Bull, is 
about the time of the cows bringing forth 
their young. The third sign, now Ge- 
mini, was originally two kids, and signi- 
fied the time of the goats bringing forth 
their young, which are usually two at a 
birth, while the former, the sheep and 
cow, commonly produce only one. The 
fourth sign. Cancer, the Crab, an animal 
that goes side-ways and backwards, was 
placed at the northern solstice, the point 
where the sun begins to return back again 
from the north to the southward. The 
fifth sign, Leo, the Lion, as being a very 
furious animal, was thought to denote the 
heat and furj- of the burning sun, when 
he has left Cancer, and entered the next 
sign Leo. The succeeding constellation, 
the sixth in order, received the sun at the 
time of ripening cora and approaching 
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harvest ; whicH was aptly expressed by 
one of the female reapers, wiih an ear of 
■ com in herhand, viz. Virgo, the Maid^ 
The ancients gave to the next sign, Scor- 
pio, two df the twelve divisions of the 
zodiac ; autumn, which affords fruits in 
great abundance, affords the means and 
causes of diseases, and the succeeding 
time is the most unhealthy of the year ; 
expressed by this venomous animal, here 
spreading-out its long claws into one sign» 
as threatening mis chief, and in the other 
brandishing his tail to denote the comple- 
tion of it. The fall of the leaf was the 
season of the ancient hunting; for which 
reason the stars which marked the sun's 
place at this season, into the constellation 
Sagittary, a huntsman with his arrows 
and his club, the weapon of destruction 
for the large creatures he pursued. The 
reason of the Wild Goat's being chosen to 
mark the southern solstice, when the sun 
has attained his extreme limit that way, 
and begins to return and mount again to, 
the northward, is obvious enough ; the 
character of that animal being that it is 
mostly climbing, and asceitditig some 
■ I, as it browsps. There yet re- 
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BUtin two-of the signs of the zodiac to 
be considered with regard to their origin, 
viz. Aquarli}s and Pisces. As to the 
former, it is to be considered that the win- 
ter is a 'Wet and uncomfortable season ; 
this therefore was expressed by Aquari- 
us, the Jgure of a man pouring out water 
from an urn. The last of the zodiacal 
constellations was Pisces, a cquple of 
fishes tied together, that had been caught; 
the lesson was. The severe season is 
over ; your flocks do not yet yield their 
store, but the seas and rivers are open, 
and there you may ts^ke fish in abun- 
dance. 

With roepect to iht- distances of the 
fixed stars, they are so extremely remote, 
that we have no distances in the planeta- 
ry system to compare to them. 

The distance of the star Draconis (a 
star of the fifth magnitude) appears, by 
Dr. Bradley's observations, to be at least 
400,000 times that of the sun, and the 
distance of the nearest fixed star not less 
than 4O,O00 diameters pf the earth's an- 
nual orbit ; that is, the difitance from the 
earth, of the former at least 38,000,000,- 
000,000 miles, and the latter not less than 



64 Fixpi Stars. 

7,600,000,000,000 milea. As these (Ms- 
tances are iinniense>ly great, it may both 
be amusing, and help to a clearer and 
more familiar idea, to compare them with 
the velocity of some moving body, by 
which they may be measured. 

The swiftest motion we knoT of, n 
that of light, which passes from, the sun 
to the earth in about eight minutes ; and 
yet this would be above six years travers- 
ing the fifst space, and near a year anda 
quarter in passing from the nearest fixed 
star to the earth. But a cannon-ball, 
moving on a piedium at the rate of about 
twenty mileB in a minute, would be 
3,800,000 years in passing frbm Draco- 
nis to the earth, and 760,000 years pass- 
ing from the nearest fixed star. Sound, 
which moves at the rate of about thir- 
teen miles in a min. would be 5,600,000 . 
years traversing the former distance, and 
1,128,000 in passing through the latter. 
The celebrated Huygens pursued specu- 
lations of this kind so far, as to believe 
it not impossible, that there may be stars 
atsuch inconceivable distances, that their 
light has not yet reached the earth since 
the creaticHi- 



Though the mtmher of the stars op- 
pears to be immensely great ; yet have 
astronomers long since ascertained the 
Dumber of such as are visible to the 
eye, which are much fewer than at first 
sight could be imagined. Of the 3000 
contained in Flamstead's catalogue, there 
arc mad^ thxt are onlv visible through a 
telescope ; and a good eye scarcely ever 
aees more than a thousand at the same 
time in the clearest heaven ; the appear- 
. ance of innumerable more, that are fre- 
quent in cleaf winter nights, arisingfrom 
our sight's being deceived by their twink- 
ling, and from our viewing them confu^ 
sedly, and not reducing them to any or- 
der. But a good telescope, directed in- 
differently to almost any point of the hea- 
vens, discovers muhitudes that are lost to 
the naked eye ; particularly in the milky 
way. And F. de Rheita aiErms, that 
he has observed above 2000 stars in the 
single constellation of Orion. The same 
author found above 188 in the Pleiades. 
Galileo found eighty in the space of the 
belt of Orion's sword, twenty-one in the 
nebulous star of his head, and above 500 
in another part of him, within the com- 
F 
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pass of one or two degrees of space, and 
inore than forty in the nebulous star 
Prsesepe, and the recent discoveries of 
Dr. Herachelhave proved the fixed stars 
to be immense, their regions unbounded, 
and perhaps infinite ! 

As the stars, contrary to the moon and 
planets, shine like our sun, by their own 
native light, astronomers suppose that 
each of them is a sun, with its system of 
inhabited worlds revolving round it, Un- 
derthisideaor persuasion, of how innu- 
tnerable a family do we seem to make a 
part ! The immensity of the universe be- 
comes peopled .with fellow beings, and 
we feel an interest in what appears to be 
going on at distances so vast, that what 
we see, as in time present, we have rea- 
son to believe (swift, as is the progress of 
light, darting from the spheres) must 
have happened many ages ago. Under 
the idea of the univeise being replenish- 
ed with human beings, how magnificent) 
how awful, ^re the spectacles that present 
themselves to the observer of trie hea- 
vens! The creature of a day, of a few 
fleeting moments, seems to obtain a 
glimpse pt a new creUion, a glimpse of 



Tixed Stars. R/ 

the end of time, in the passing away of a 
system. 

What an amazing conception, if hu- 
man imagination can conceive it, does 
this give of the works of the Creator! 
Thousands of thousands of suns, multi- 
plied without end, and ranged all around 
us, at immense distances trom each oth- 
er, attended by ten thousand times ten 
thousand worlds, all hung loose,as it were, 
in boundless space, — upheld by nothing, 
confined by nothing, — yet preserved in 
their rapid course, calm, regular and har- 
moiiious, invariably keeping the paths 
assigned them by the sovereign Artificer. 
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Of the Earth considered as a Planet. 

THE Earth goes round the sun in 365 
days 5 hours 49 minutes, from an equi- 
nox or solstice to the same again ; but 
from any fixed star to the same again, 
as seen from the sun, in 365 days 6 hours 
and nine minutes ; the former being the 
length of ttie tropicalyear, and the latter 
the length of the sidereal. 

The motion of the earth in common 
with the rest of the planets about the 
sun, is in the order of the signs of the 
zodiac ; that is, from west to east. This 
zone or belt, as has been mentioned, goes 
round the heavens ; and along the middle 
of it is the ecliptic, or circle which the 
earth describes annually as seen from 
the sun ; and which the sun appears to 
describe as seen from the earth. 

Besides this annual revolution of the 
earth about the sun, in the ecliptic j tHc 
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earth turns round upon its own axis in 
24 hours. 

The turning of the earth upon its own 
axis every 24 hours, whilst it moves 
round the sun in a year, we may conceive 
by the running of a bow] on a bowling 
OTcen ; in which not only the center of 
the bowl hath a progressive motion on the 
green ; btit the bowl in its going forward, 
from one part of the green to another, 
turns roundabout its own axis. 

The turning of the, earth on its axis, 
makes the difference of day and night; it 
being day in those parts of the earth, 
which are turned towards the sun ; and ■ 
night in those parts which are in the 
shade, or turned from the sun. 

The annual revolution of the earth in 
the ecliptic, is the cause of the different 
seasons, and ofthe several lengths of days 
and ni^ts, in every part ofthe world, in 
the course of tlie year. 

But before we enter upon the more 
particular illustration of the diumal and 
annual motions of the earth, together 
with the different lengths of days and 
nights, and all the beautiful variety of 
Ee^ons, depending on those motions, it 
F2 



TO The Earth considered ae a Planet. 

may be necessary to make the reader ac- 
(juainted with the principle circles of the 
globe, as they will greatly assist him in 
comprehending those phenomena. 

This information he may attain suffi- 
ciently for his present purpose in a quar- 
ter of an hour, if he sets^ the ball of a ter- 
restrial globe before him, or looks at Uie 
figure of it, wherein these circles are 
drawn and named. 

The Poles are the two extremities of 
the earth's axis ; or those points where 
the imaginary line, round which it per- 
forms its daily revolutions, meets the 
earth's surface ; that which is directed 
towards the most northern point of the 
heavens, being called the north pole ; and 
that which is directed towards the most 
southern point, the south pole ; so that 
they are diametrically opposite to each 
other, and always preserve the same rela- 
tive situation. It is also to be observed, 
that these two points have notjjeen arbi- 
trarily assumed by geographers and as- 
tronomers, to answer their particular pur- 
poses, as they are pointed out to us by 
the nature and constitution of the globe, 
and are easily distinguished from all 
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others. Thenearerweapproachtothem, ' 
the more we find the earth becomes bar- 
ren and inhospitable ; so that, under the 
poles, the cold is so excessive, thai the 
country must be nearly uninhabitable. 
Imagine now a circle to be drawn round 
the globe, exactly in the middle, between 
these two points, and this will be the 
Equator ; which, properly speaking, is a 
great circle of the earth, that separates 
the northern from the southern hemis- 
phere, and is every where at an equal dis- 
tance from the poles. This circle is al- 
so no less remarkable, on account of its 
situation, than the poles ; the heat being 
here almost as intense as the cold 'is 
there. Every place is said to have north 
or south latitude ae it is on the northern 
or southern side of this great cirele. 

The Tropics are lesser circles parallel 
to the equator, and each of them is 23| 
degrees from it ; a degree in this sense 
being the 360th part of any great circle 
Whidi divides the earth into two equal 
parts. The northern tropic touches the 
ecliptic at the beginning of Cancer, and 
is thence called the Tropic of Cancer ; 
the southern tropic, touching the e^ipU£. 
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atthebeginningofCapricom, is therefore 
called the Tropic of Capricorn. 

The Arctic Circle has the north pole for . 
its centre, and is just as far from the north 
pole as the tropics are from the equator ; 
andth« Antarctic Circle (hid by the sup- 
posed convexity of the figure) is just as 
far from the south pole^ every way round 
it. 

The circWl2. 1. 2. 3. 4. &c. are meri- 
dians to all places they pass through ; and 
we must suppose thousands more to be 
drawn, because every place that is ever 
so little to the east or west of any other 
place, has a different meridian from 
tnat other place. All the meridians meet 
in the poles ; and whenever the sun's cen- 
ter is passing over any meridian, in his 
apparent motion round the earth, it is 
mid-day or noon to all places on that me- 
ridian. The longitude of a place is its 
distance east or west from the first meri- 
dian, reckoned in degrees, minutes, &c. 
upon the equator. Supposing we caU 
London the first, it will cut the equator 
m two opposite points at the distance of 
one hundred and eighty degrees each 
way ; and as the equator is the boundary 
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which separates the nonhgni hemisphere 
from the southern, so this circle may b« 
considered as the boundary which s^a- 
rates the eastern hemisphere from the 



The broad space lying between the 
tropics, like a girdle surrounding the 
globe, is called the Torrid Zone, hecawst 
me sun is at one time or othfr perpendi- 
cular over every part of it, and extreme- 
ly torrifiea or heats it. The space be- 
tween the tropic of Cancer and arctic 
circle is called the North Temperate Zonei 
Ma/ between the tropic of Capricorn and 
the antarctic circle, the South Temperate 
Zone: from their enjoying a mean (T 
moderate degree of heat ; and the two 
circular spaces bounded by the polar cir- 
cles are the two Frigid Zones ; so named 
because of the iutense cold which reigns 
in tliose regions the greatest part of the 
year ; and they are denominated north or 
south, from that pole which is in the cen- 
ter of the one or the other of them. 

Of the Seasons, ft. — Nature is always . 
grand in her designs, sublimity and sim- 
plicity are the striking characteristics of 



.€ 



'4 The Earth considered as a Planet. 

ler wori^matuiiip. From a few simple 
principles she produces the most aaton- 
ishTfig feffects, and charms us no less by 
the infinite diversity of her operations, 
than hj the skill and contrivance which 
are maoifested in the performance of 
then?. Of all the effects resulting from 
her laws none is more simple nor more 
pleasing to a philosophic mind than the 
provision that is made for the alternate 
succession of day and night, and the 
regular return of the seasons. The phe- 
nomena depend upon the most simple 
and evident principle. We have the one 
merely from the rotation of our globe on 
its axis, and the other from the inclina- 
of that axis to the plane of its orbit. 

The axis of the earth being inclined 
2o| degrees to the plane of its orbit, 
makes it, in moving round the sun, have 
sometimes one of its poles and some- 
times the other nearer that luminary. 

The absence of the sun's light pro- 
duces a proportionable degree of cold; 
hence the seasons are, in the northern 
and southern parts of the globe, distinctly 
marked by different degrees of heat and 
cold. It is this annu^ tuminj); of the 
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poles towards the sun, that o 
very long days in the northern and south- 
em parts. It is owing to the same cause, 
that the sun seems to rise higher in th? 
heavens during summer than in winter ; 
and this alternate sinking and rising is 
perceptible over tht whole globe. 

Id order to illustrate this subject let 
us now take a view of the earth in its an- 
nual course round the sun, considering 
its orbit as haviiig no inclination ; and 
its axis as inclining 33^ degrees from 
a line perpendicular to the plane of its 
orbit, and keeping the same oblique di- 
rection in all parts of its annual course ; 
or, as commonly termed, keeping always 
parallel to itself. ^ 

In Fig, 3 let S represent the sun, the 
four globes the earth in different parts of 
its orbit, receiving from its changing po- 
sition the varying seasons. Ns its axis, 
N its north pole, a its south pole. Aa it 
goes round the sun, according to the order 
of the signs of the zodiac, its axis Ns 
keeps the same obliqui^, and is still par- 
allel to itself. 

We shall commence its annual round at 
the first point of Libra, when the sun, rb 



'K The Earth considered as a Planet. 

seen from the earth will appear to enter 
Aries. At this time, namely the 20th of 
March, the sun will be in the equinoctial, 
and all parts of the earth will be equally 
enlightened from pole to pole, and the ■ 
days and nights equal all over the world, 
for every part comes into the light at six 
in the morning, Snd goes' into the dark at 
six in the evening. As the earth passes 
on in the order of the signs, in about three 
months, viz. on the Silt of June, it will 
arrive at the beginning of Capricorn^ and 
-the si gh..a s seen from the earth, _ will ap- 
pear >Bl>s beginning of Cancer ; during 
Whichlfcie, by the ioclined position of the 
garth's axis, the north pole will have gra- 
4^ually advanced into the enlightened 
hemisphere ; so that the whole northern 
polar circle will be therein, while the 
southern pole is immerged in obscurity ; 
the northern parts of the world will enjoy 
long days, while they are .short in the 
southern parts. In tjiis situation of the 
earth the tropic of Cancer is in the light 
from five in the morning till seven at night, 
the parallel of London fron^ a quarter be- 
fore four till a quarter after eight ; and 
the polarcirclejust touches the dark, so 
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that the sun has onlytbe lower half ofhis M 
disk hid from the inhabitants on that cir- 
cle for a few minutes about mid night. 

After this the days begin to shorten in 
the northern pans of the worldt and the 
nights lengthen in proportion as the earth 
advances to the first point of Aries, at 
which itarriveson the S3d of September, 
when the sun, as seen from the earth, 
will appear in Libra. On this day the 
sun will be in thV equinoctial again; and 
the days and nights will again be equal • 
all over the globe. As the earth pro- 
ceeds on its orbit from this point, the '. 
north pole graduall)^ goes into the dark*; 
andthesouth note advances into the e#K 
lightened hemisphere J and on the 22do^ 

, December, when the earth enters Cancer^ ' 
and the sun appears at Capricorn, the 
north pole will be as far as it can be in the 
dark, which is 23^ degrees, equal to 
riie inclination of the earth's axis from a 

perpendicular to its orbit! and then, the 
northern parts are as much in the dark aS 
they were in the light on th^ 21st of yuTic; 
the winter nights being as long as the 
summer days, and the winter .days a« 
short as the summer nights. 
G 
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Thus we see while the earth is moving 
from Libra through Capricorn to ArieSy 
the north pole remains in the illuminatecl 
hemisphere, and will therefore have six 
months of continual day. But in the 
other half year, v hile the earth is moving 
from Aries through Cancer to Libra, the ' 
north pole is turned from the sun, and 
therefore in darkness, hut the south pole 
is in the illuminated hemisphere. Hence 
it is easy to perceive, that the inhabitants 
of the southern hemisphere have the same 
vicissitudes with those of the northern, 
dtoughiiotat the same time, it being win- 
'ttr in one hemisphere when it is summer 
Jn the other. 

Duringthisannualcourse of the earth 
there are four days in her orbit particu- 
lariyto be remarked ; these astronomers 
have distinguished by the names of ^e 
sQiitittal and equinoctial day 3, The ^1- 
sthial days are those on which the sun ap- 
pears' most to the northward and the 
southward ; they are our longest and 
shortest days, and are called the xuinter 
and summer solstices. The equinoctial 
days are those on which the sun appears 
in the equator, and the days are equal t* 
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the nights, which is twice id every annual 
revolution ofthe earth, and are called the 
autumnal Mid vernal eauinoxes. 

The earth's annual motion causes an 
apparent daily declination ofthe sun, or 
inotherwords,heappear3atdifferentdis- , 
tances from the equator every diurnal 
turn ofthe earth on its axis. TIiub, about 
the 22d of December, when the earth is 
in Cancer, the sun will be over the tropic 
of Capricorn; and consequently, by the 
earth's rotation on its axis, the inhabitants 
of every part of this circle will success- ' 
ively have the sun in their zenith, or, fa 
Other words, he will be vertical to th™ 
that day at noon. About the 20th of 
March the earth is at Libra, and the sua 
will then appear in Aries ; a central solar 
ray will terminate upon the surface ofthe 
earth in the equator ; and therefore the 
6ua appears to he carried round in the 
celestial equator, and is succesaively ver- 
tical to those who live under that circle- 
About the Slst of June, when the earth 
is in Capricorn,' a central solar ray ter- 
minates on the surface of the earth, in 
the northern tropic, and for that day the 
sun appears to be ciuried rotind in the tro' 
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pic of Cancer, and is vertical to those 
who live under that circle. About the 
23d of September the earth is in Aries, 
and the sun in Libra, and the central so- 
lar ray again terminates at the equator ; 
consequently the sun again appears in the 
celestial equator, and is vertical to those 
who live under it. 

We have seen, that, as the sun appears 
to move in the ecliptic, from the vernal 
. equinox to the tropic of Cancer, it get* 
to the north of the equator, or its decli> 
nation towards our pole increases. There- 
■re, from the vernal equinox, when the 
flays and nights are equal, till the sun 
coines to the tropjc of Cancer, our days 
lengthen',, and our nights shorten ; but, 
when the sun comes to the tropic of Can* 
cer, it is th'enin its utmost northern lim- 
it, and returns in the ecliptic to the equa- 
tor again. During this return of the san, 
itsdeclination towards our pole decreases, 
and consequently the days decrease, and 
the nights increase, till the sun is ar> 
rived in the equator again, and is in the 
Kutumnal equmoctial -point, when the 
days and nights will again be equal. As the 
sun moves from thence towards the tro^ 
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pic of Capricora, it gets to the south of 
the equator; or tta declination towards 
the south pole increases. Therefore, at 
that time of year, our days shorten, and 
our nights lengthen, till the sua arrives 
at the tropic of Capricorn ; but, when 
the sun is arrived there, it is then at its 
utmost soothwen Umit, and returns in 
the ecliptic to the equator again. Dur- 
ing tbis return, its distance from our pole 
lessens, and consequently the days wil} 
lengthen, as the nights will shorten, till 
they become equal, when the sun is come 
round to the vernal equinoctial point. ... , 
The earth's orbit being elliptical, and 
the sun constantly keeping in its lower 
focus, which is 1,377,000 miles from the 
middle point of the longer axis,'the earth 
comes twice so nuich, or 2,754,000 miles 
nearer the sun at one time of the year 
than at another : for the sun appearing 
under a larger angle in our winter than 
summer, proves that die earth must lie 
nearer the sun in the former season than 
in the latter. How then does it happen 
that we have not the hottest weather 
when we are atthe least distance from the 
^a; — The earth is above 2,000,000 of 
G3 



- " =^ «=" » DeranbCT dm, 
«- «u .at a JUJ5, it is At 
-"■Ota-, ic^ c £tec„ber ilge 
t.^' w:in:a swras a paradox. 
'^ -*■* ■M^-*«=S cootradictioD 
T^^"" =»« ■;« raamiciiy 
t • vr;« KjT, no ,„^, ' 
a^^Jpu , ^j, dOu^t fa,„ 
• »:^-J I oi »i. .od d»refore 
-^.-;:iioe c* ciiciEce cannot 
» ?«-« .-tTJoon in dK Ilea 
,^^ •J-^^'r^fnt seasons. But 
■ ":^ « •■«» diferenco is, 
^-r taf s*jss „vs tail so ob. 
I us^ ajt arr giv«i number 
^" o«r a niucli greater 
3>; eann s viTiace irhere we 
"""" ^«'> i»int must dien 
,"" •■■>" m summer.— 
Areconijs a greaie, desree 
J^ loo? »i=„r nigh,., dian 
wn ol ileal ID so short days - 
liiese accounts die cold mm,, 
iui m summer die sun's rays 
irpend.cularly upon us, and 
ne widi greater forc^, and in 
lereon die same place ; and 
conimuancc, ■ much great- 



The Earth considered aa a planet. 03 

crdc^eeofheatU imparted by day than 
can fly off by night, so that the heat, on 
all these accounts, will continue to in' 
crease. 

Thus we see by what simple principles 
the boimtiful Author of Nature has pro- 
vided us with such a pleasing sgccession 
of scenea,— summer, winter, spring, and 
ttutumn, lead us insensibly through the 
raried circle of the year } and are no less 
pleasing to the mind, tftan necessary to- 
wards bringing to maturity the various 
' prodactions of the earth. Whether the 
aun flafnes in the solstice, or poujs Jiis 
mild effulgence from the equator, we 
equally rejoice in his presence, and adore 
that omniscient Being who gave him -his 
appointed course, and 'prescribed the 
bounds which he cannot p^es. 

When by the daily motion of the earth 
the rising sun comes within 18 degrees 
of the horizon, we perceive a faint light 
begin to appear, which increases, and the 
tnagnificent theatre of the universe opens 
gradually to our view — being fully risen, 
he rides in att his brightness through the 
vault of heaven, and approaches the wesf 
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eni boundary ofoursi^t, when the Itghfe 
begins to decrease, and gradually dimin- 
ishes till he is 1 8 degrees below the hori*. 
zon, when dark night commences. This 
intermediate light is called the crepuscu- 
han, or the morning and evening twilight. 

As .the sun enlightens only one half of 
the earth at once as it turns round its 
axis, he rises to some places at the same 
moments of absolute time when he sets 
to others ; and when it is mid-day to 
«onne places, it is mid-night to others. 

To every place 15 degrees eastward 
from any given meridiaa, it is noon an 
hour sooner than on that meridism ; be- 
cause their meridian comes to the sun an 
hour sooner; and to all places 15 de- 
gree westward, it is noon an hour later 
because their meridian comes an hour 
later to the sun, and so on : every 15 de- 
grees of motion causing an hour's differ 
ence of time. Therefore they who have 
noon an hour later than we, have their 
meridian, that is, their longitude, 15 de- 
grees westward from us : and they who 
have noon an hour sooner than we, have 
their meridian 15 deg^es eastward from 
ours i and so for every hour's difference 
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•f time 15 degrees difference of longi- 
tude. Consequendy, if the be^nning or 
ending of a lunar eclipse be observed, 
suppose at LoTidon, to be exactly at mid- 
night, and in some other place at 11, at 
night, that place is 15 degrees westward 
from the meridian of London ; if the.same 
eclipse be observed at one in the morn- 
ing at another place, that place is 15 de- 
grees eastward from the said meridian. 



Of the Precession of the Equinoxes, i^c. 
—Beside the changes in the length of the 
days already described in the different 
seasons, there is another sort of change. 
Dot 80 obviously noticeable. The day 
wad night together, or, in general, 24 
hours, form the natural or solar day ;' 'and 
this period of time also varies in its 
length. The inequality of the solar day 
is produced by two causes, either of 
-which wngly would yield the effect ; 
these are the obliquity ofthe ecliptic, and 
the earth's unequal motion therein. The v 
earth's motion on its axis being uniform 
and equal at all times of the year, its days 
would be equal, if its orbit were a perfect 
arde^ and its axis perpendicular to the 
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plane of its orbit ; but the earth's annual 
motion in an elliptic orbit, causes the sun's 
apparent motion in the heavens to be un- 
equal> When the sun's annual motion 
in the heavens appears slowest, it is noon, 
or 12 on the sun-dial, before it is the 
same hour on a true-going clock ; and 
when quickest, it is 12 by the clock be- 
fore the sun be over our meridian. 

.Although the earth be said to complete 
an orbit round the sun in the course of a 
year, it does not return exactly to the 
place it set out from, neither is its cir? 
cuit completed exacdy in a year. Adopt- 
ing, therefore, the d^arent motion in- 
stead of the real ; if the sun set out as 
from any star, or other fixed point in the 
heavens, at the moment it is departing 
from the equinoctial, or from either xro- 
pic, it will come to the same equinox, or 
tropic again, 20 min. l"^ sec. of time, 
or 50sec. of adegree, before it completes 
its circuit round the heavens, so as to ar- 
rive at the same fixed star or point from 
whence it sets out ; for the equinoctial 
points recede 30 seconds of adegrSe west- 
ward every year, contrary to the sun's 
annual progressive motion. This iscalt- 
ed dw Precession of the £quin< 
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When the sun arrives at the same equi- 
noctial or solstitial point, he finishes what 
we call the tropical year ; which, by ob- 
servation, is found to contain 365 days 
5 hours 48 minutes 57 seconds: and 
when he arrives at the same fixed star 
ag^n, as seen from the earth, he completes 
the sidereal year, which contains 365 
days 6 hours 9 minutes 14^ seconds. 
Thfe sidereal year is therefore 20 min- 
utes 17^ seconds longer than the solar 
or tropica! year, and 9 minutes 14^ 
seconds longer than the yultan or civil 
year-, which we state^t 365 daysdtipurs: 
so that the civil year is almost a mean be- 
twixt the sidereal and tropical. 

The anticipation of the equinoxes, and 
consequendy of the seasons, is by no 
means owing to the precession of the 
equinoctial and solstitial points in the 
heavens (which can only affect the appa* 
rent motions, places and declinations of ' 
the fixed stars) but to the diifcreDce be- 
tween the fiivil and solr>- year, which is 
11 minutes 3 seconds ; the civil year con- 
t£uning 365 days 6 h'.urs, and the solar 
year S65 days 5 hours 48 minutes 57 
wconds. 
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The above 1 1 minutes 3 scconda, by 
which the civil or Julian year excce<k 
the solar, amounts to 11 days in 1433 
years, and so much our seasons have fall- 
en back with respect tcr the days of the 
months, since the time of the Nicene 
Council in A. D. 325, and therefore in 
order to bring hack all the fasts and fes- 
tivals to the days then setded, it was re- 
quisite to suppress 1 1 nominal days. And 
that the same seasons might be kept to 
the same times of the year for the future, 
to leave out the bissextile -day in February 
at the end of every century of years not di- 
visible by 4 ; reckoning them only com- 
mon years, as the 17Ui, 18th, and 19th 
centuries, viz. the years 1 700, 1 800, 1900, 
&c> because a day intercalated every 
fourth year was too much, and retaining 
the bissextile -day at the end of those cen- 
turies of years which are divisible by 4, as 
the 16th, 20th, and 24th centuries ; viz. 
the years 1600,2000,2400, !ic. Other- 
wise, in length of lime, the seasons would 
be quite reversed with repwd to the 
months of the yi.r; though it would 
have required near 1;^, 783 years to have 
brought about such a total change. 
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This new form of reckoning was or- 
dained by Pope Gregory, and is there- 
fore called the Gregorian, or the new 
style, and has been adopted by almost all 
the enlightened nations of the world ; 
there are some, however, who still reckon 
according to the old style, viz> as if no 
alteration had been made by Pope Gre- 
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CHAP. VI. 

Of the Air and Atmosphere. 

W£ have already considered the earth 
as a planet, or one of the great masses 
ofroattermoviDgaboutthesun ; we shall 
now consider it as it is made up of its 
several parts, abstracdng from its ditir- 
nal and annual motions. 

The exterior part of this our habitable 
world is the air or atnnosphere ; a ligh^ 
thin fluid, or springy body, that incom- 
passes the solid earth on all sides, and 
partakes of all its motions, both annual 
Bad diurnal. 

The composition of that part of our 
atmosphere properly called air, was till 
btely but very little known. Formerly 
it was supposed to be a simple ^homoge- 
neous, and elementary fluid. But the 
experiments of Dr. Priestley and otliers 
have discovered, that even the purest 
kind of air, which they call vital or de- 
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phlogisticated, is in reality z compouT 
and might be artificially produced in i 
rious Ways. This dephlogtsticated a 
however, .is but a small pan of th« co; 
position of our atmosphere. By ace 
rate experiments, the air we usua 
breathe, is composed of only one-fbui 
part of this de phlogisticated air, or pi 
haps less, the other three parts, or mo 
consisting of what Dr. Priestly calls ^A 
gisticated, and M. Lavoisier, in the ii< 
chemistry, mepkitic, or azetic air, whi 
cannot be breathed, and in which a 
mals die. 

Though air seems to be a kind of 
posiiory. Wherein all the poisonous eff 
via arising from putrid and corrupted m 
ters are lodged ; yet it has a wonder 
facility of purifying itself, and of depo 
ting those vapours contained in it ; 
that it never becomes noxious except 
particular places, and for a short tin: 
the general mass remaining upon all i 
casions pretty much the same. Thew 
in which this purifaction is efPected is c 
ferent, according to the nature of the " 
pour with which the air is loaded. Tl 
vhichmoet universally prevails is wati 
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• and from experiments it appears, that the 
quantity of aqaeous vapour contained 
in the atmosphere is immense. Dr. 
Halley, from an experiment on the eva- 
poration from a fluid surface heated to 
the same degree with that given by our 
meridian sun, has calculated, that the 
evaporation from the Mediterranean Sea 
in a summer's day is 5280 millions of 
tons of water, which t& more than it re- 
ceives from all the nine large rivers that 
empty themselves into it. Dr. Watson, 
in his Chemical Essays, has given an ac- 
count of some experiments made with a 
view to determine the quantity of the wa- 

. ter raised from the earth itself alone in 
time of drought. He informs us, that 
vhen there hadi)een no rain for above a 
month, and the grass was become quite 
brown and parched, the evaporation irom 
an acre was not less than 1600 gallons in 
twenty-four hours. Making afterwards 
two experiments, when the ground had 
been wetted by athunder-showerthe day 
before, the one gave 19?3, the other 1905 
gallons, in twelve hoars. From this the 
air is every moment purified by the 
ascent of the Vapour, which, flying off in- 
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t» the clouds, thus leaves room for the 
exhalation of fresh quantities ; so that as 
the vapour is considerably lighter than 
the common atmosphere, and in conse- 
quence ascends with great velocity, the 
air during all this time is said to be dry, 
notwithstanding thevast quantity of aque- 
ous fluid that'passes through it. 
.In the physical economy also, another 
:_ provision is made fur the continual reno- 
■ vation of the atmosphere. Plants derive 
subsistence from the very air that is unfit 
for animal life, and in return, actually emit 
that vital or dephlogisticated air, upon the 
enjoyment of which the latter depends. 
Thus we see a constant circulation of 
benefits maintained between the two 
great provinces of organized ns(ture. The 
plant purifies what the animal has poison- 
ed ; in return, the contaminated fair is 
more than ordinarily' nutritious to the 
plant. Agitation with water appears to ■ 
be another of these restoratives. " The 
foulest air shaken in a bottle with water 
for a sufficient length of time, r<^coversa 
great degree of iia puri^. Here, then 
again, allowing fgr the scale upon which 
nature works, we see the salutary effects 
H2 



94 , Atmosphere, 

of storms and tempests. Theycsty waves» 
which cooibund the heaven and the sea, 
are doing the very thing which ia done 
in the bottle, and are a perpetttal source 
of fresluiess to our atmosphere. 

The atmosphere, as we have seen, 
contains a great deal of water, together 
with a vaM heterogeneous collection of 
particles raised from all bodies of matter 
on the surface of the earth, by effluvia, ex- 
halations, &C. so that it may be consider- 
ed as a chaos of the particles of ait sorts 
of matter confusedly mingled together. 
And hence the atmosphere has been con- 
sidered as a large chemical vessel, in 
which the matter of all kinds of subluna- 
ry bodies is copiously floating ; and thus 
exposed to the continu^ action of that 
immense surface, the sun ; from whence 
proceed innumerable operations, subli- 
mations, separations, compositions, di- 
gestidjgSgfermentations, putrefactions, &c. 

ThQ"cis, however,one substance, nam- 
ly, the;.electrical fluid, which is very dis- 
tinguishable in the mass of the atmos- 
phere. To measure the absolute quanti- 
ty of this fluid, either in the atmosphere, 
or any other subataace, is perhaps impos- 
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. able ; tmd all that we know oa this sub- 
ject is that the electric fluid pervades the 
atmoaphere ;.that it appears to be more 
!&tmdaat in tbe superior than the interior 
regions ; that it seems to be the imme- 
diate^bood of connection hettveeu the at- 
mosphere and the water which is suspen- 
ded in it ; and that, by its various opera- 
tions, the phenomena of the meteors are 
occasioned. 

It is the opinion of the most celebrated 
philosophers of the present day, that the 
electric fluid is no other than the light of 
the sun ; that it issues from that lumina- 
ly in the pure, state of electricity, that 
jwning the particles of our atmosphere, it 
becomes light, and uniting with the gros- 
"ser earui Jire. — The evaporation oi wa- 
ter is attended %vith an absorption of this 
fluid from the surface of our globe, and, 
on the other hand, the conversion of 
steam into water, is attended with a de- 
position of this subtle fluid ; so that there. 
is a circulation in the eluctric fluid as 
there is in the water. It descends origin- 
ally from the sUn ; pervades the whole 
•ubstance of the globe ;-and perspiring, 
as it were, at every pore, ascends beyond 
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the rfouds ; and, passing the extreme 
boLindiiries of our atmosphere, returns to 
the sun from whence it came. 

The uses of the atmosphere are so ma- 
ny and great, that it seems indeed abso- 
lutcly necessary, not only to the comfott 
and convenience of men, but even to the 
existence of all animal and vegetable life, 
and to the very constitution of all kinds 
of matter whatever, and without which 
they would not be what they .are ; for by 
it we live, breathe, and have our being ; 
and by insinuating itself into alt the va- 
cuities of bodies, it becomes the great 
spring of most of the mutations here tje- 
low, as generation,corruption,dissolution, 
&c> and without which none of these op- 
erations could he carried on. Without 
the atmosphere, no animal could exist, 
or indeed be produced; neither any plant, 
all vegetation ceasing without its aid ; 
there would be neither rain nor dews to 
moisten the face of the ground : and, 
thougi) we might perceive the sun and 
stars like bright specks, we should be in 
utter darkness, having none of what we 
call day-light, or even twilight: nor would 
either fire or heat exist without iu In 
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diort, the nature and constitution of all 
matter would be changed and cease; wan- 
ting this universal hond and constituting 
principle. 

As to the weight and pressure of the 
tiir, it is evident that the mass of the at- 
mosphere, in common with all other mat- 
ter, must be endued with weight and 
pressure; and this principle was asserted 
hf ^most all philosophers, both ancient 
and modem. But it was only- by means 
of the experiments made with pumps and 
the barometrical tube, by Galileo and 
Torricelli, that we came to the proof, not 
ODly that the atmosphere is endued with 
a pressure, 'but also what the measure 
and quantity of that pressure is. Thus it 
is found, that the pressure of the atmos- 
phere sustains a column of quicksilver, in 
the tube of the barometer, of about thirty 
inches in height : it therefore- follows, 
that the whole pressure of the ntmosphere 
is equal to the weight of acolumn of quick 
silver, of an equal base, and thirty inches 
height: and, because a cubical inch of 
Viuicksilver is found to weigh near^ half 
a pound avoirdupois, therefore the whole 
thirty inches, or the weight of the atmosr 
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pherc on every square inch of surface is 
equal to 15lb. Again, it has been found 
that the pressure of the atmosphere bal- 
ances, in the case of pumps, &c.acolunin 
of water of about 3-1^ feet high; and the 
cubical foot of water weighing juat lOOO 
ounces, or 6i'^-l>. 34J times 62^, or2158 
lb. will be the weight of the column of 
water, or of the atmosphere, on a base of 
a square foot;'and consequently the 144tb 
part of this, or 15lb. is the weight of the 
atmosphere on a square Inch ; the same 
as before. Hence Mr. Cotes computed, 
that the pressure of this ambient fluid oa 
the whole surface of the earth, is equiva- 
lent to that of a globe of lead of sixty miles 
' in diameter. And hence alsoit appears, 
that the pressure upon the human body 
must be very considerable ; for as every 
square inch of surface sustains a pressure 
of 15lb. every square foot will sustain 14* 
times as much, or 21601b. then, if the 
wholesuT-fiue.of a man's body be suppo- 
sed to contain fifteen square feet, which 
ispretty near the truth, he must sustain 
15 times 2160, or 324O0lb. that is near 
14^ tons weight, &r his ordinary load. 
By this enormous pressure we should un;- 
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doubtedly be crushed in a moment, if all 
parts of our bodies were not fiUed either 
with air or some other elaatic fluid, the 
spring of which is just sufficient to coun- 
terbalance the weight of the atmosphere. 
But, whatever this fluid may be, it is cer- 
tain that it is just able to counteract the 
weight of the atmosphere, and no more : 
for if any considerable pressure be super- 
added to that of the air, a^ by going into 
deep water,or the like,it is always severe- 
ly felt, let it be ever so equable, at least 
when the change is made suddenly ; and 
if, on the other hand, the pressure of the 
atmosphere betaken off from any part of 

. the human body, as the hand for instance, 
when put over an open receiver, from 

, whence the air is afterwards extracted^ 
the weight of the external atmosphere 
then prevails, and we imagine the hand 
strongly sucked down into the glass. 

The difference in the weight of the air 
which our bodies sustain at one time 
more than another, is also very consider- 
able, from the natural changes in the stdte 
of the atmosphere. This change takes 
place chiefly in countries at some distance 
from the equator ; and, as the t^otneter 
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varies at times from twenty-eight to thir- 
tj'-one inches, or about one tenth of the' 
whole quantity, it follows, that this diife- 
rence amounts to about a ton and a half 
on the whole body of a man, which he 
therefore sustains at one time more than 
at another. On the increase of this natu- 
ral weight, the weather is commonly fine, 
and we feel ourselves what we call braced, 
and more alert and active ; but, on the 
contrary, when the weight of the air di- 
minishes, the weather is bad, and people 
feel a listlesnesg and inactivity about 
them. And hence it is no wonder that 
persons suffer very much in their health, ' 
from such changes in the atmosphere es-. 
pecially when thev take place very sud- 
denly. 

The weight 6f the atmosphere has great 
influence on a number of physical pheno- 
mena. It compresses-al! bodies, and op- 
poses their dilatation. It is an obstacle 
to the ev.iporation of fluids. The water 
of the sea IS by this cause preserved in its 
liquid state, without which it would take 
the vaporous form, as we see in the vacu- 
um of the air pump. The pressure of - 
the air oft our bodies preserves the state 



Atmosphere. 101 

both of the solids and fluids ; and from 
the want of thia due pressure it is that on 
the summits of lofty mountains the blood . 
often issues from the pores of the skin, 
or from the lungs. 

Various attempts have been made to 
ascertain the height to which the atmos- 
phere is extended all round- the earth. 
These commenced' soon after it was dio- 
coTered by means of the Torricellian tube 
that air is endued wjih weight and pres- 
sure. And had nottheairan elastic pow- 
er, but were it every where of the same 
density, from the surface of the earth to 
, the extreme limit of the atmosphere, like 
water, which is equally dense at all depths 
it would be a very easy matter to deter- 
mine it3 hei^t from its density and the 
column of mercury it would counterbal- 
ance in the barometer tube -.for, it having 
been observed, that the weight of the at- 
mosphere is equivalent to a column of 
thirty inches or SJfeetof quicksilver and 
the density of the former to that of the 
latter, as 1 to 1 1040; therefore the height 
of the uniform atmosphere would be 
11O40 times 2J feet, that is, 27600 feet, . 
•r litUe more than 5\ miles. But the »r. 
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by its elastic quaTity, expands aod con- 
tracts ; and it being found, by r^>eated 
experiments in lAoBt natiens of Europe, 
that the spaces it occupiea,whcn compres- 
sed by diffel^nt weights, are reciprocally 
proportional to the weights themselves ; 
or, that the more the air is pressed, so 
much the less space it takes up ; it follows 
that the air in the upper regions of the at- 
mosphere n^ust grow continually more 
and more rare, aa it ascends higher ; aad 
mdeed that, according to that law, it 
must necessarily be extended toan indef- 
inite height. At the height of 3| miles 
the density of the atmosphere is nearly 2 
times rarer than it is atUie surface of the 
earth ; at the height of seven miles, 4 ' 
times rarer ; and so on, according to the 
following table. 

Height in milex- Number of time* rarer. 



28 \ . 256 

iS 102+ 

42 .4096 

49 16384 
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S6 65J56 

€3 262144 

■ TO 1048576 

By pursuing these calculations, h 
might be easily shewn, that a cubic inch of 
the air we breathe would be so much 
rarefied at the height of SOO miles, that 
it would fill a sphere eqtiat in diameter to 
the ot*it of Saturn. Hence we may per- 
ceive how very soon the air becomes so 
extremely rare and light, as to be utterly 
imperceptible to all experience; and that 
hence, if all the planets have such atmos-' 
phercs as our earth, they will, at the dis- 
tances of the planets from one another^ 
be so extremely attenuated, as to give no 
sensible resistance to the planets in their 
motion round the sun for many, perhaps 
hundreds or thousands of ages to come. 
Even at the height of about fifty miles, 
it is so rafe as to have no sensible efiect 
on the rays of light. 

Mr. Boyle in his physico-mechanical 
' experiments concerning the air, dfclares 
it probable that the atmosphere may be 
several hundred miles high ; which is 
easy to be admitted, when we consider, 
what he proves in another part of the 
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same trcMise, vi±.. that the air here 
about the surface of the earth', when the 
pressure is taken ^m it, dilates ^nto 
10,000, ander«n atlastiftol3,6!'9times 
its space ; and this altogether by its own 
expansive force, without the help of fire. 
In fact, it appears, that the air we breathe 
is compressed by its own weight into at 
least the 13,679th part of thte space k 
would posses^ in vacuo: But, if the same 
jur be' condeitsed by art, the space jt 
would take up when dilated, to that it 
possesses when condensed, will be, accor- 
^iig to the same author's eiqjeriments, 
e 530,000 to 1 . 

Our direct cxperimMits, however, not 
reaching to any gre»tl*eighlB into the re- 
gions of the atmosphere, aod not know- 
ing how far air may be expanded, we are 
incapable of determining to what height 
the atmosphere is actually extended. 



CHAP. VII. 

Of tlie Meteors. 

WE have seen that the atmosphere is 
ji vast laboratory, in which nature ope- 
rates imiaense anabases, solutions, preci- 
pitation*, and combinatioDB ; it^is a grand 
receiver, in which all the attenuated, vo- 
latilized productions of terrestrial bodies 
are received, aungted,iigitated, combined 
and'Separated. Considered in this view, 
the atmospheric air is a chaos, an inde- 
terminate mixture of mineral, vegetable, 
and aninnal effluvia, which the electric 
duid is pervading and traversing contin- 
Ijally. The grand changes it experiences, 
and of which we are sensible in ez' 
tensive spaces by the appearance of wa- 
ter, light, or noise, arc called meteors. 
As the state of the atmosphere is ever 
varying, the meteors assume different 
forms ; some delighting us with thotr apr 
pearance, while others wear a terrifying 
IS 
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aspect. la this repository is collected 
the gentle dew and hoar-frost ; here 
clouds are gathered and carried along by 
the wind, to refresh the earth in falUng 
showers, giye rise to rivers, spread vast 
inundations of water over the fields, or 
lay them under a covering of snow or 
hail i here mock-suns, mock-moons, ha- 
loes, and rainbows make their gaudy but 
transitory appearance ;. arid here the wa- 
ter-spout, dreadful to the mariner ; here 
rolls the dreadful thunder, here lightnings 
dart their vivid fiames, and sometimea, 
striking upon the earth, destroy its pro- 
ductions, fill its inhabitants with terror, 
and sometimes strike them dead; here 
the aurora, or streamers, the i^nes Jatui, 
or wandering firesj called also Jack with 
the Lantern; here falling stars, as they 
are igoorantly termed, or fiery balls of va- 
rious sizes, appear with splendour during 
the gloom of night, and astonish man- 
kind, who too often seem willing, with 
superstitious awe, to find portentous o- 
mens of dire calamities in these curious 
phenomena, rather than investigate their 
causes or discover their uses. 
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To accmint for these various appear- 
ances in a satisfactory manner, it is plain 
that . we ought to have an intimate ac- 
quaintance with the constitution of the at- 
mosphere ; withthenatureofthosepow- 
erful agents by which it appears to be 
jH-incipally influenced, oiz. fire, tight, 
sutd electric fluid ; and with their peculiar 
ntodea (J operatisn and action upon one 
another and upon the atmosphere, and 
this in every possible variety of circuni- 
stances. Nor is even alt this sufficient: 
the various phenomena of rain, wind, 
snow, thunder, heat, cold, ^c. are known 
to depend very much upon the situation 
of di^rcnt places on the surface of the 
earth ; and the occasional variations are 
with great reason suspected to proceed, 
partly at least, from changes which take 
place in the bowels of the earth : whence 
we ought not only tff be perfectly well ac- 
quainted with geograpliy, but with mine- 
ralogy also; and that to an extent at which 
human knowledge will probably never 
arrive. 

In a subject so very difficult, it ia not to 
be supposed diat any thing like a certain 
and established theory can be laid down 
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in this Ittde elementary vork. As eva*. 
poration, however, seems pamcularly to 
be concerned in the production of the me- 
teors, we shall take a view of that opera- 
tion of nature, the Atent of which we 
have noticed in the preceding chapter. 
Thi^ process may be reckoned in a par- 
dcular manner the effect of heat. Upoa 
this principle vapour is shown to be a 
compound'of water and fire ; and such it 
is supposed to be by philosophers of the 
highest rank. In considering this openi> 
tion, however, as carried on by nature, 
wfe shall soon find, that it proceeds in *. 
manner very different from what takes 
place in our chemical operations. In the 
latter, evaporation is merely the effect of 
heat; and the process cannot go on with- 
out a considerable degree of it. In the 
natural way, on the contrary, the process 
goes on under almost every degree of cold 
we know ; the vapuurs ascend to a height 
which has never yet been determined ; 
and, ^m>the extreme cold which they 
sustain, show evidently that they are con- 
nected with our atmosphere by means of 
Bome other agent besides heat. From the 
continual ascent of vapour indeed, if the 
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operations of nature were of the same 
kind vlith those of art, the upper parts, of 
ouratntusphere would be always involved 
in a fog, by reason of the condensation 
of the vast quantity which continually as- 
cends thither : but sn far is this from be- 
ing the case, that in those elevated regions 
to which the vapours continually ascend, 
the air is much drier than at the surface 
of the ground. 

From many experiments, indeed, it is 
ftvident, that water, after' being reduced 
into a state of vapour, is capable of un- 
dergoing a certain chan^, by which it 
la)^ aside its fluidity entirely, and evea 
to appearance its specific gravity ; so 
thatit becomes, as far as we can judge, a 
substance totally different from what it 
was before. At'ter water has attained to 
this state, our inquiries concerning it 
roust in a great measure cease ; but as it 
ia not in the immediate product of evapo- 
ration that rain has its source, and as va- 
pours change their nature in the atmos- 
Ehere, so as to be no longer sensible to the 
ygrometer or to the eye, and do not be- 
come vapour again till clouds appear, wc 
must acknowledge it to be very probable. 
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that the intermediate state of v^xHir is no 
other than air ; and that the clouds'do not 
proceed from any distinct fluid in the at- 
mosphere, butfrom a decomposition ofa 
part of the air itself, perfcctlj simitar Ui 
the rest. 

Granting rtiis to be the case, and we 
can scarc(;ly hope for a more probable 
conjecture on the subject, the decompo- 
sition of the vapour will be easily accoun- 
ttkl for. If by any natural process the 
water can be converted intoair, and if tbfe 
latter is only water partially dectMnpoaed; 
then, by an inversion of the process, air 
may be instantly re-converted into water, 
and will become visible in fog or mist, 
or be condensed into rain, consisting of 
greater or smaller drops, according to ' 
die degree to which this inverted ftocem 
is carried. 

It is generally snpposed by meteorolo- 
^ts, from all the clouds, fogs, hail, rain, 
and snow, being electrified, that the elec- 
tric fluid is the agent employed in the for- 
madon of these meteors, and that it is this 
fluid which acts in the re-conversion of 
air into water. This process may be par- 
ticularly observed in the summer season. 
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wli«i the horizoit i» suddcfily ovarcast, 
«iid a copious torrentof rain ensues, which 
cuinot be from the rising of any aqueous 
vapours at the time, but must be from a 
precipitatioQ of water that existed is an 
invisible stste in the atmosphere* 

Water may therefore exist in air ; lat, 
in an invisible state, which is the case when 
the dissolving power of air is considera- 
'ble ; 2dly, in a state of incipient separa- 
tion, in which case it forms clouds, misls, 
9vf)}gsi 3diy, and lastly, in a state of ac- 
tual separation, in whidi case it forms ei- 
ther riiin, properly so called, or mow, or 
haiL 

Clouds sae those well known assembla- 
ges of vapours that float in the atmosphere, 
have di^rent degrees of opacity, which 
arise from their extent-and density, and 
g;enerally have pretty well defined boun- 
daries. Their height. above the surface 
of the earthf^we me^i not above the moun- 
tains) is vanous, but hardly ever exceeds 
amile or a mile and a Iwlf. In hot wea- 
ther, or hot climates, the clouds, being 
more rarefied, are lighter, and ascend 
much higher than they do in colder' cli- 
mates, or colder weather : and indeed, in 
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cold weather the clouds frequently touch 
the very surface of the earth ; for a fog 
ibay with propriety be called a cloud close 
to die ground. 

A mint is a very indefinite word. It 
means an incipient fonnation of clouds, 
or haziness ; and it often denotea a very 
small rain, or deposition of water in par- 
ticles so small as not te be visible singly. 

The snow is formed when the atmos- 
phere is so cold as to freeze the particles 
of rain as soon as they are formed, and 
the adherence of several of those parti- 
eles to each other, which meet and cling 
to each other as they descend through 
the air, formis the usual fleeoes of snow, 
which are larger, (since they are longer 
in descending, and have a greater oppor- 
tunity of meeting) when the clouds are 
higher than when ihey arc l«wer. 

The hail differs from snow in its con- 
sisting of much more solid, and much 
moredetined pieces of congealed water. 
It is su I osed that die water, already 
formed into considerable drops, is driv- 
en and detained a considerable time 
through a cold region of the atmosphere, 
ky the wind, which almoat always accom- 
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wuiies'a fall of hail. But the globes of 
ice, or hail-at<mts,ia a fall of hail, some- 
times (v exceed the usual size of the 
drops of rain ; which shews that by the 
action of the wind, the congealed parti' 
cles must be forced to adhere to each oth- 
er; and, in fact, though the small hail- 
stones are more uniformly solid and glo- 
bular, the large ones almost always con- 
sist of a harder nucleus, which is sur- 
rounded by a softer substance, and some- 
times by various distiiftt pieces of icc^ 
just agglutinated. Their shape is sel- 
dom perfectly globular. 

The phenomena of dew and hoar-frost 
seem to proceed from a quantity of aque- 
ous and undecomposed vapour which 
always exists in the atmosphere ; and 
which, being raised by m^re heat, is con- 
densed by mere cold, without undergo- 
ing that process by whicn water is chan- 
ged into air. 

If the ccAd be very imenBe, hoar-frost 
appears instead of dew ; which is nothing 
more than the dew frozen after it falls 
upon the ground, in the same manner 
that the vapour in a warm room congeals 
<^n the inside of the windows in a frost]' 
ni^ht. K 
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Ijghtnlng is found to be a flash, t>ro' 
duced by the electrical fluid rushing f rota 
one pari into another ; and thunder the 
sound of the rushing torrent, reverbera- 
ted among the clouds. The aurora bo- 
Tealls, or northern dawn, is likewise an 
electrical phenomenon. It is a hunbeot 
or flashing light, seen at night in some 
periods more often than in others, espe- 
cially about the ipoles. T\i& Jiery-baHs, 
which are seen shooting through the at- 
mosphere in the night, of various magni- 
tudes and of different forms, seem all to 
rise from inflammable vapours, taking 
iae iiovck their fermenting, or eflervescing 
in the air. 

The Sa'mboii) is one of the most sur- 
prising of the works of God, which the 
Jlebrews called the bow of God, and the 
Greeks the Daughter of Wonder. This 
phenomenon is seen in the fstling rain or 
dew, and not in the cloud whence that 
rain or dew proceeds ; it is caused by a 
reflectionand refraction^of the sun's rays 
from the glebular particles of rain. The 
face of this beautiful iris, or bow, is ting- 
ed with all the primogenial colours la 
theu- natural order; viz.. uio/ef, indigo^ 
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hJae:, greeriy yellow and red. It, alwaj'« 
appears in that part of the heavens oppo- 
site the sun." 

The Hahs, are circles somewhat akin 
to the rainbow, which appear about the 
sun and moon,and are sometimes various- 
ly coloured. They never appear in a 
rainy sky, but in a rimy and frosty one, 
and are formed by the refraction of the 
rays of light, without any reflection as in 
the rainbow. 

Mock-suns and mock-moons are repre- 
sentations of the face of the true sun and 
moon by reflection in the clouds.' 

The weight and pressure of the atmos- 
pherical air have been explained in the 
preceding chapter. We shall now exam- 
ine the particulars relative to its progres- 
sive motion, which we denominate tvind. 

Wind is a stream or currentof air ; as 
the air is a fluid,, its natural state is that 
of rest, which it endeavours always to 
keep or retrieve by an universal equilibri- 
um of all its parts. When, therefore, this 
natural equilibrium of the atmosphere 
happens by any means to be destroyed in 
an}' put, there necessarily follows a mo- 
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tion of all ths circumjacent air towardi 
that part to restore it ; and this motion 
of the air is what we call wind. 

Hence, with respect to that place where 
the equilibrium of the air ia disturbed, we 
see the wind may blow fropi every point 
of the compasB at the same time; and those 
who live northwards of that point have s 
north wind ; those who live southwards, 
a south wind ; and so of the rest : But 
those who live on the spot, where all these 
winds meet and interfere, are oppressed 
with turbulent and boisterous weather, 
whirlwinds and hurricanes ; with rain, 
tempest, lightning, thunder, ^c. 

Many are the particular causes which 
produce wind by interrupting the equi- 
'poise of the atmosphere ; but the most 
general causes are two, viz. heat, which, 
by rarefying the air, makes it lighter in 
some places than it is in others ; and cold 
which, by condensing it, makes it heavier. 
Hence it is, that in all parts over the tor- 
rid zone, the air being more rarefied hf 
a greater quantity of the solar rays, is 
much lighter than in the other parts ofthe 
atmosphere, and most of all over the 
equatorial parts ofthe earth. And since 
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the parts at the equator are most rarefied 
which are near the sun ; and those parts 
arc, by the earth's dturnal rotation east- 
ward, continually shifting to the west; it 
follows, that the parts of the air which lie 
on the west side of the point of greatest 
rarefaction, and, by flowing towards it, 
meetit, have less motion thai> those parta 
on the east of the said point, which follow 
it ; and therefore the motion of the east- 
em air would prevail against that of the 
western air, and so generate a continual 
east wind, if this were all the effect of that 
rarefaction. But we are to considcrthat 
as all the parts of the atmosphere are so 
greatly rarefied over the equator, and all 
about the poles greatly condensed by ex- 
treme cold, this heavier air from either 
pole is constantly flowing towards the 
equator, to restore the balance destroyed 
by the rarefaction and levity of the air ov- 
er those re^oDS ; hence, yr this respect 
alone, a constant north and south wind 
would be generated. 

Now it is easy to understand, that by a 

composition of these two directions of the 

air from the east and north, a constant 

north-east wind will he generated in the 

K2 
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Dortliem lietnisphere,anda constaat south- 
east wind in the southern hemisphere, to 
a certain distance on each side the equa- 
tor, all round the earth. And this case we 
find to be verified in the general trade 
•winds, which constantly blow from the 
north-east and south-east, to about thirty 
degrees on. each side the equator, where 
those parts are over the open ocean, and 
not affected with the reflection of the sun- 
beams from the heated surface of the land, 
for in this case the wind will always set 
in upon the land, as on the coast of Guin- 
ea, and other parts of the torrid zone, we 
know it does. 

The temperature ofa country with res- 
pect to heat or cold, is increased or dim- 
inished by winds, according as they come 
from a hotter or colder part of the world. 
The north and north-easterly winds, in 
this country and all the western parts of 
Europe, are reckoned cold and drying 
winds. They are cold because they come 
from the frozen region of the north pole, 
or over a greattract of cold land. Their 
drying quality is derived from their cOr 
ming principally over land,* and from a 

• TUi IE not true vitb reati to IIk United Ststei \ lor hen 
tbe Tion1fr«mt wind, <oiiuf aver (be ocefliu initbtd of tiind, 
bring! litat with h k gcmt.a deicree cT bumiAty u tamji 
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wen known property of the air, namely, 
that warm air can dissolve, and keep dis- 
solved, a greater quantity oi water than 
colder air : hence the air which comes 
from colder regions being heated over 
warmer countries, becomes a better sol- 
vent of moisture, and dries up with great 
energy the moist bodies it comes in con- 
tact with ; and, on the other hand, warm 
air coming into a colder region deposits 
a quantity of the water it kept in solution 
and occasions mists, fogs ,cloud strain s,&c. 
In warm countries sometimes the winds 
which blow over a great tract of highly 
heated land, become so very drying, 
scorching and suffocating, as to produce 
dreadful effects. These winds under the 
name of solatios, are often felt in the des- 
erts of Arabia, in the neighbourhood of 
the Persian gulph, in the interior of Af- 
rica, and in some other places. There are 
likewise in India, part of China, part of 
Africa, and elsewhere, otherwinds, which 
deposit so mnch warm moisture as to sof- 
ten, and actuaUy to dissolve glue, salts, 
and almost every article which is soluble 
in water. 
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It is impossible to give any adequate 
account of irregular winds, especiaUy of . 
,thosc sudden and violent gusts which come 
on at very irregular periods, and generally 
continue ' for a short time. They some- 
times spread over an extensive tract of 
country, and at other times are confined 
within a remarkably narrow space. Their 
causes are by no means rightly understood 
tliough they have been vaguely attributed 
to peculiar rarefactions, to the combined 
attractions of the sun and moon, to earth- 
quakes, to electricity, ^c. They are 
called in general hurricanes, or they are 
the principal phenomenon of a hurricane, 
that is, of a violent storm. 

Almost every one of those violent 
winds is attended with particular pheno- 
mena, such as droughts or heavy rains, or 
hail, or snow, or thunder and lightning, 
or several of those phenomena at once. 
They frequently shift suddenly from one 
quarter of tlie horizon to another, and 
then come again to the former point. 
In this case they are chlled tornadoes. 

. In some parts of the Indian ocean 
there are winds which blow one way du- 
ring one half of the year, and then blow 
the contraiy way during the other half 
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of the year. These winds arc called 
monsooTiayVaA owe their origin to causes 
similar to what has been pointed out. 

When the gusts of wind come from 
different qtiartera at the same time, and 
meet in a certain place, there the air ac- 
quires a circular, or rotatory, or screw- 
like motion, either ascending or descend' 
ing, as it were, round an axis, and this 
axis sometimes is stationary, and at other 
times moves on, in a particular direct ion< 
This phenomenon, which is called a 
■Uihirlwind, gives a whirling motion to 
dust, sand, water, part of a cloud, and 
sornetimes even to bodies of great weight 
and bulk ; carrying them either upwards 
or downwards, and lastly scatters them 
about in difi'erent directions. 

The water-spout has been attributed 
principally, if not entirely, to the meeting 
of different winds. In that case the air 
in its rotation acquires a centrifugal mo- 
don ; whence it endeavours to recede 
from the axis of the whirl, in conse- 
quence of which a vacuum, or, at least a 
considerable rarefaction of air, takes place 
about the axis, and, when the whirl takes 
place at sea, or upon water, the water ri- 
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BC9 into that rarefied place ; for the 
same reason which causes it to ascend in- 
to the exhausted tube, and forms the 
water-spout or pillar of water in the Mr. 
The water-spouts generally break about 
their middle, and the falling waters oc- 
casion great damage, either to ships that 
have the misfortune of being under them, 
or to the adjoining land ; for such spouts 
are sometimes formed on a lake, or river^ 
or on the sea close to the land. 

As the motion of the air has a greater 
or lesser velocity, the wind is stronger or 
weaker ; and it is found from observation, ■ 
that the velocity of the wind is various, 
from the rate of 1 to 100 miles per hour. 
The following particulars respecting 
the velocity, ts'c. of the wind are extracted 
from a table which appeared in the 51st 
volume of the Philosophical Transactions, 
by Mr. J. Smeaton, the celebrated engi- 
neer. — 

When the velocity of the wind is one 
mile per hour it is hardly perceptible. 
from 2 to 3 juat perceptible. 

4 — 5 g«ntieplcuuit -wind, or breezes. 

10 —15 pleasant brisk gale. 

20 —25 very brisk. 

30 —35 high winds. 



^-. Cafaunicanediattean up trees 

^"^ ic»rriesbuiHiiigsbeforeit,&c. 

The winds arc of immense and indis- 
pensable use. Besides their more ob- 
vious effects in- driving of ships, wind- 
mills, &?(■• they preserve, by mixing, 
the necessary purity of the air. The 
winds, likewise drive away vapours, 
clouds fogs, and mists from those parts 
in which they are copiously formed, to 
others which are in want of moisture ; 
and thus the whole surface of the earth 
19 supplied with water. It is the winds 
which diminish the heat, and augment the 
moisture of the torrid zone, and produce 
contrary effects on thqpe of the polar re- 
gions, so as to render those districts of 
the globe, which the ancients deemed 
totally unfit for the abode of man, and 
other animals, by reason of excessive 
heat, not only habitable, but salutary and 
pleasing to man and beast, and yielding 
great variety and abundance of the 
choice productions of nature. 
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CHAP.VIIL 

Of Springs f Rivers, and the Sea. 

HAVING viewed water as it takes its 
departure from the bosom of the deep 
and forms the watery meteors, we shall 
now survey it as it rises in the salient 
spring, and ^ves birth to the gurgling 
rill, ot uniting, g^ves coolness to tfie land- 
scape in the magnificent stream, that in 
its ample range fertilizes its neighbow- 
hood. 

Various have been the theories, or 
rather hypotheses relating to the origin 
of springs ; but it seems the general O' 
pinion of those who have made this 
branch of natural philosophy their study, 
jhat the true principles which supply the 
wattrs of fountains or springs, are mel- 
ted snow, rain water, and condensed va- 
pours. 
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Tbe prodigious quantity of vapoturs 
raised by the sun's heat, and otherwise, 
being carried by the winds over the low 
lands to the very ridges of mountains, as 
the Pyreneaii^ the Alps^ the Apermine, the 
Carpathian, in Europe i the Taurus the 
Caucasua, Imaus and others in Asiai 
Atiaa the Mantes Lunie, or mountains 
of the mooD, with other unknown ridges 
in Africa ; the vapours being compelled 
by the stream of air to mount up with k 
to the top of those mount^uns, where the 
air becoming too light to sustain them, 
and condensed by cold they strike against 
their summits, which causes an union o£ 
their particles, and are precipitated in 
water, which gleets down by the, crannies 
of the stone ; and entering into the ca- 
verns of the hills, gathers, as in an alera- 
, htc, into the basons of stone it finds, 
"which being once filled^ all the overplus 
. of water that comes thither, runs over by 
the lowest places, and breaking out by 
the sides of the hills forms single spings. 

Many of these springs running dowb 
by the vallies, between the ridges of the 
hills, and coming to unite, form little 
rivuletSf or brooks; many of these again 
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meeting ia one common valley, vad gain- 
ing the plain ground, being grown lest 
rapid, become a river; and many df 
these being united in one coimnon chan- 
nel, make such enormous streams as ths 
Shine, the Rhone and the Danube, 
And it may almost pass for a rale, tfaM 
the magnitude of a river, or the quanti^ 
of water it discharges, is proportional ta 
the length and heights of these very 
ridges from whence the fountains arise.- 

The several sorts of springs observed 
are common springs, which either ma 
continually, and then they are called 
perennial springs ; or else run only for a 
time, or at certain times of the year, ami 
then they are called temporary springs. 
Intermitting springs, or such as flow 
and then stop, and flow and stop again, 
by regular alternations -or intermissionft. 
Seciprocating springs, whose waters rise 
and fall, or flow and ebb, by regular iw 
tervals, or reciprocations of the surbce. 

If those reservoirs of water m the bo- 
dy of mountains be situated where min- 
eral ores abound, or the ducts or feeding 
streams run through mineral earth, it is 
easy to conceive the particles of metal 
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irill mtz Vith, and be absorbed by the 
water, which being saturated therewith, 
becomes a mineral spring or well. If 
salt, sulphur, and time-Btone abound ia 
the strata through which the water pas- 
aeiy it wilt then be saline, sulphureous^ 
and lime-vater. If sulphur and iron 
shoold both ^x>und in the parts of the 
bill, whence the waters come, the waters 
will partake of the warmth or heat, 
vhicn is occasioned by the mixture of 
two such substances in the earth, where 
ibey are found. 

Having noticed the difTerent kinds (^ 
lyings, we shall say a few words respec- 
ting the various phencHneoa which uke 
{rface in rivers. 

A large collection of water which runa 
in consequence of its gravity from a 
Iitgher to a lower pMt of the surface of 
the eardi, in a channel generally open at 
k^T is called a river. 

A river which Sows uniformly, and 
preserves the same height in the same 
place, ia said to^ be in a permanent state i ' 
■uch rivers are very rare. 

The water of a river does not flow 
with the same velocity through th« 
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whole width of the river. The line in 
which the water moves with the greatest 
velocity is called the thread of the r'wery 
and this thread Bfldom lies in the middle 
of the river, but it generally comes near- 
er to one side than the other, according 
to the nature of the impediments, and 
the configuration of the banlis. The ve- 
locity of rivers is likewise less at the 
bottom oftheir channels, than at their 
surface ; owing to the resistance which 
the bed makes to the water as it flows. 

The running of rivers is upon the same 
principle as the descent of bodies on in- 
clined planes j for water no more than a 
solid can move on a horizontal plane, the 
rc-action of such a plane being equal and 
contrary to gravity entirely destroys it^ 
and leaves the body at rest; here we speak 
of a plane of small extent, and such as co- 
incides with the curved surface of the 
earth. But if we consider a large extent 
or long course of water, then we shall find 
that such water can never be at rCst but 
when the bottom of the channel coincides 
every where with the curved surface of 
the earth. In rivers that are made it is 
luual to allow the fall of 1 foot in 300, but 
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the declivity of those formed by nature is 
various and uncertain. 

The velocity of the water of a river 
ought to increase in proportion as it re- 
cedes from its source : but the numerous 
causes of retardation, which occur in riv- 
ers, are productive of very great irregu- 
larities ; and it is impossible to form any 
general rules for determining such 
irregularities. 

The unequal quantities of water (ari- 
sing from rains, from the melting of snow 
&c.) which are conveyed by rivers at dif- 
ferent seasons, enlarge or contract their 
widths, render them more or less rapid, 
and change more or less the form of their 
beds. But independent of this, the size 
and form of a river is liable to be continu- 
ally altered by the usual flowing of its 
waters, and by local peculiarities. The 
water constantiy corrodes its bed where- 
ver it runs with considerable velocity, 
and rubs off the sand, or other not very 
coherent parts. The corrosion is most 
remarkable in that part of the bottom, 
which is under the threadoi the river, or 
where the water descends suddenly from 
:e, as in a cascade or tvater-JalL 
L2. 
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The sand thus raised is deposited in pla- 
ces where the water slacks its veloci^, ' 
and there by degrees an obstacle, a bai^^ 
and even an island, is formed, which in 
its turn produces other changes. Thus a 
river sometimes forms itself a new bed, 
or it overflows the adjacent grounds. 

Insomeplaces we find that an obstacle 
or a bent on one side will occasion a cor- 
rosion on the opposite bank, by directing 
the impetus of the stream towards that 
bank> — Thus, from divers causes, whose 
concurrence in different proportions, and 
at different times, forms an mfinite varie- 
ty, the velocity of rivers is never steady 
or uniform. 

The following curious calculation res- 
pecting the river Thames was made by Dr 
Halley. In order to estimate the quanti- 
ty of water, which passes daily through 
the Thames, the Doctor assumes the 
breadth of the river at Kingston bridge, 
(where the flood seldom reaches) to be 
100 yards, and the depth 3 ; so that the 
section of the channel is 300 square yards, 
and allowing the velocity of the water to 
be at the rale of S miles per hour, there 
will run in24 hours, the length of 48 miles 



Springs, Sivcrt^ andtkeSea. 13> 

of 84460 yards ; therefore 84480 x 300= 
1:5,344,000 cubic 3rarda, which make 203,- 
000,000 tons which Ae river Thames 
yields per diem. 

The proportional lengths of course of 
some of the most noted rivers in the world 
lire shewn rcariy by the following num- 
iiers, extracted from Mr. Rennell's paper 
riBt vo!. Phil. Trans. 

European Rivers. 

Thames 1 

Rhine 5^ 

Danube 7 

Wolga . . . . , 9^ 

Viatic Rivers. 

Indus 

Euphrates 

Ganges • • ■ 

Burrampooter ...... 

Nou Kian, or Ava River . 

Jennisea 

Oby 

Amoor 

Lena - 

Hoanho (of China). ... 13^ 
Kian Keu (of ditto) ... Xs^ 
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African River. 
Nile '. 12' 



American Rivers* 

Mississippi 8 

Amazons ......... 13^ 

When we reflect on the immense lengtU 
of these rivers, and their origin, we are 
naturally directed to the contemplation of 
the round which water travels ; and by 
which, without suiFering adulteration ot 
waste, it is continually offering itself to 
the wants of the habitable globe. From 
the sea are exhaled those vapours wbich 
form the clouds ; these clouds descend in 
refreshing showers of rain, which sinking 
deep into the earth, form springsj and 
springs uniting form rivers, which rivers 
in return feed the ocean. So there is an 
incessantcirculation of the same fluid; and 
not one drop probably more or less nojr 
than there was at the creation. In fact, 
" look nature through, 'tis revolution all" 
wherever we turn our eyes, all seems 
continually in a state of change or circu- 
lation. " The sun," jaith Solomon, " ari- 
eeth, and the sun goeth down, and panta 
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Ibr the place from whence he arose ; all 
riTcrs run into the aea, yettheseaisnot 
full ; unto the place from whence the ri- 
vers came, thither they return again." 

The Sea is a vast collection of waters in 
the deep and unfathomable valleys of the 
earth. This great abyss occupies nearly 
three quarters of the whole surface of our 
globe ; which has been thought by some 
too ^eat a proportion ; but it is probably 
no more than sufficient to fertilize the 
lan<j. 

The saltness of the sea is a property in 
thatelement, which appears to have exci- 
ted the curios ity^f naturalists in all ages. 
This property is very rationally judged 
to arise from great muldtudes both of 
mines and mountains of salt, dispersed 
here and there in the depths of the sea ; 
the salt being continually diluted and dis- 
solved by the waters, the sea becomes im- 
pregnated with its particles throughout ; 
»ad for this reason the saltness of the sea 
can never be diminished. 

The saltness of the sea preserves itA 
waters pure and sweet, which odierwise 
would corrupt and sOnk like a filthy lake, 
an4 consequently none 6i ^e myriads of 
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creatures which now live therein, could 
then have being ; from hence also the sea 
water becomes much heavier ; aod there- 
fore ships of greater size and quantity 
ma]' be used thereon. Salt water also 
doth not freeze so soon as fresh water, 
' whence the seas are more free for navi- 
gation. 

The moat remarkable thing in the sea, 
is that motion of the water CE^dtui^j. It 
is a rising and falling of the water o£^ 
sea. The cause of this is the attractionof 
die moon, whereby the part of the water 
in the great ocean which is nearest the 
moon being most strongly attractedj is 
raised higher than the rest ; and the pare 
opposite to it, on the contrary side, being 
least attracted, is also higher than the reat> 
And these two opposite rises of the sur* 
face of the wate'f m the great ocean, fol- 
lowing the motion of the moon from cast 
to west, and striking against the lar^ 
coasts of the continents that lie in their 
way, from thence rebound back agMO, 
and so make floods and ebbs in narroir 
seas, and rivers remote from the great 
ocean. 

As the earth, by its daily rotation round 
its axis, goes from the moon to the moon 
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again (or the moon appears to move round 
the earth from a given meridian to the 
same again) i» about 24 hours, hence in 
that period j:}m^ are two tides of flood 
and two of ebb, and this alteinate ebbing 
and flowing continues without internus- 
sion. For instance, if the tide be now at 
' high- water-mark, in any port, or harbour, 
which Hes open to tlie ocean, it will pres- 
ently subside, and flow regularly back, for 
about six hours, when it will be found at 
low-water-mark. After this, it will agun 
gradually advance for six hours, and then 
return back, in the same time, to its for— 
Hier situation; rising and falling alternate- 
ly, twice a day, or in the space of about 
twenty-four hours. 

The interval between its £ux and reflux 
is, however, not precisely six hours, but 
;dtout eleven minutes more ; so that the 
timeofhigh water do^s not always happen 
' at the sanre hour, but is about three quar- 
' tCTS of an hour later every day, for thirty 
days; when it again recurs as before. For 
example, if it be hi^ water, at«ny place, 
' to day at noon, it will be low water at ele- 
ven minutes after six in the evening; and- 
(onsequently, after two changes more, the 
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time of liigh water the next day will b4 
about three quarters of an hour after noon j 
the day following it will be at about half 
an hour after one ; the day after that at a 
quarter past two; aad bo on for thirty days' 
whenit will again be found to be high wa- 
ter at noon, the same as on the day the 
observation was first made. And this ex- 
actly answers to the motion ofthe moon; 
she rises every day about three quarters 
of an hour later than upon the preceding 
one; and, by moving in this manner rou^d 
the earth, completes her revolution in a- 
bout thirty days, and then begins to rise 
again at the same time as before. 

To make the matter still plainer ; sup- 
pose, at a certain place, it is high water at 
three o'clock in ^e afternoon, upon the 
day of the new moon ; the following day 
it will be high water at about three quar- 
ters of an hour after three ; the day after 
that at about half an hour past ^our ; and 
so on, till the next new moon ; when it ' 
will again be high water about three o'- 
clock, the same asbefore. And by obscr- 
ving the tides continually at the same 
place, they will always be found to follow 
the same rule ; the time of high water, 
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upon the day of every new moon, being 
acarty at the same hour ; and three qaar- 
ter%ofan hour later every succeeding d^. 
', l^e attraction of the sun also produ- 
ces a similar rising and falling of the wa- 
ter of the ocean, but on account of its dis- 
tance, not near so considerable as that 
which is produced by the moon. It will 
be readily understood that according to 
the different situations of the sun and 
the moon, the tides which are raised by 
their respective attraction, will either con- 
spire with, or counteract each other in a 
greater or lesser degree. When they con- 
spire together the tides rise higher, and 
their mutual action produces what are cal- 
led spring- tides. On the contrary, when 
they counteract each other they produce 
neap tides. 

From a sUght consideration of what 
has been said, we might be led to ima^ne 
that the time of high water at any place, 
would be when yhe moon is over the me- 
ridi^i of that place. But this is by no 
jneans the case ; it being usually ^K>ut 
three hours aftetwards : the reason of 
which may be shown as follows. The 
jnocHi, when she is on the meridian, or 
M 
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nearest to the zenith of any place, tends 
to raise the waters at that place ; but this 
force must evidentlybe exerted for a con- 
siderable time, before the greatest eleva- 
tion will take place ; for if the moon's at- 
traction were to cease altogether, when, 
she has passed the meridian, yet the mo- 
tion already communicated to the waters 
would make them continue to ascend for 
some time afterwards; and therefore, they 
must be much more disposed to ascend 
when the attractive force is only in a small 
measurediminished. 

The waves of the sea, which continue' 
after a storm has ceased, and almost eve- 
ry other motion of a fluid, will illustrate 
this idea ; all such effects being easily ex- 
plained, from the consideration that a 
small impulse, given to a body in motion, 
will make it move farther thMi it would 
otherwise have done. It is also, upon the 
same principle, that the heat is not the 
greatest upon the longest day, but some 
time 'afterwards ; and that it is not so hot 
at t#plve o'clock, as at two or three in the 
afternoon ; because there is a farther in- 
crease made to the heat already imparted. 
Instead of its being Mgh water then, when 
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the moon is upon the meridian of any 
place, it will always be found to happen, 
as far as circumstances will allow, abouf 
three hours afterwards ; and the intervals 
between the flux and reflux, muatberi.*ck- 
J3ned from that time in the same manner 
as before. 

The sun being nearer the earth in win- 
ter than in summer, is nearer to it in Feb- 
ruary and October than in March and 
September; and therefore the greatest 
tides happen not till some time after the 
autumnal equinox, and return a little be- 
fore the vernal. 

The tide propagated by the moon in the 
German ocean, when she is three hours 
past the meridian, takes twelve hours to 
come from thence to London Bridge ; 
where it arrives by the time that a new 
tide is raised in the ocean. 

These are the principal phenomena erf 
the tides ; and where no local circumstan- 
ces interfere, the tlieory and facts will be 
found to agree. Bui it must be observed 
that what has been here said, relates only 
to such places as lie open to large oceans. 
In scaa and channels, which are more con- 
£ned, a number of causes concur, which 
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N occasion considerable deviations fiom the 
general rule. Thus, it is high water at 
Piymouth about the sixth hour ; at the 
J»e of Wig^t about the ninth hour ; and 
at London bridge about the fifteenth hour 
after the moon has passed the meridian. 
And at Batsha, in the kingdom of Ton- 

3uin, the sea ebbs and flows but once a day 
ie time of high water being at the setting 
of the moon, and the time of low water at 
her rising. There are also, great varia- 
tions in the height of the tides, according 
to the situation of coasts, or the nature of 
the straits which they have topassthrough. 
'^ Thus, the Mediterranean and Baltic seas 
have very small elevations ; while, at the 
port of Bristol, the height is sometimes 
near thirty feet ; and at St. Malo's it ia. 
said to be still greater. 



Of Earths, Slones, Metals, Miner- 
als, and other Fossils. 

HAVING taken a view of the aif 
■which surrounds, and the water which- 
■diversifies the face -of our globe, wc will 
■now take a survey of the solid substance, 
.or body of our earth. 
, Those who observe the disposition of 
the earth, as it appears in the quarrying 
or digging of mines, find it generally ly- 
ing in horizontal layers, or strata of dif- 
ferent kinds, like the settlings of waters. 
The firstlayer that presents itself, is most 
commonly the bed of vegetable earth or 
mould. With diis earth the surface of 
our globe is generally covered. It is 
this mould which gives rooting and nour- 
ishment to plants, so that they may stand 
and grow in it, and it is as it were the 
Store-house from whence all the living 
M2 
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creatures of our world have originally 
their provisions ; for from thence all the i 

plants have their sustenance, and some i 

few animals, and irom these all other an- 
imals. 
, As this affords to animals and vegeta- 
bles their support, so the spoils of these, 
when dead or decayed, return to the dust 
oS the ground, from whence they were 
formed, and thus keep up an unceasing 
circulation. 

The most common disposition of the 
layers is, that under the first earth is 
found gravel or sand ; clay or marl ; then 
chalk, or coal, marbles, ores, &c. This 
disposition, however, is far from being 
uniformly continued all over the globe ; 
in different soils the order of these layers 
vary. 

It is wonderful the variety of produc- 
dons which are found in the different 
parts of our globe. In the crumbling 
chalk, the solid marble, the dusty gravel, 
and even the depths of the most inlaDcl 
valleys, anrf on the summits of the higl^ 
est mountains, we behold the spoils of the 
ocean, exhibited under the several ap- 
pearances of petrified fish, beds of shells, 
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and sea plants. The Alps, the Apen- 
nines, the Pyrenees, Libanus, Atlas, and 
Ararat, every mountain of every coun- 
try under heaven, where search has been . 
made, all conspire in one uniform and 
universal proof, that the sea has covered 
their highest summits. If we examine 
^e earth, we shall find the mouse deer, 
natives of America, buried in Ireland ; 
elephants, natives of Asia and Africa, 
buried in the midst of England ; croco- 
diles, natives of the Nile, in the heart of 
Germany ; shell-fish, never known but 
in the American seas, together with skel- 
etons of whales, in the most inland re- 
gions of England ; trees of vast dimen- 
si<»ia with their roots and tops at the bot- 
tom of mines and marls, found in regions 
where such trees were never known to 
' grow, nay, where it is demonstrably im- 
possible they could grow. Such are the 
awiiil memorials of the great convulsions 
and revolutions which have taken place 
in the natural world ; of countries laid' 
under the rolling waves of the ocean ; 
and of lands rising from the midst of the 
waters, and becoming the habitations of 
beasts and of men ; so transient and un- 
certwn ar« all earthly things. 
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The various bodies which are found 
by digging in the earth are called fossil 
substances ; under which are comprehcn* 
ded metals, minerals, stones of divers 
kinds, and sundry bodies that have the 
texture between earth and stone. 

These bodies are divided into four 
different classes by mioeralagists, viz. 
I. Earth and Stones in general ; II. Salts; 
III. Inflammables ; and IV. Metals. 

I. Earth and Stones in general are 1st, 
mould the support of vegetables ; 2nd, 
clays, which mixed with water harden in 
the fire, into bricks, delf, china, &c. 3d, 
calcareous substances, as ohalks, marls, 
limestones, marbles, convertible by heat 
into quicklime, and gypsum into alabas- 
ter ; 4th, talcs, which are found in flat, 
smooth lam in£e ; 5th, slates also split into 
. laminfe ; these with a variety oi stones 
from freestone, or sand, to granite, por- 
phyry, flint, and substances still harder, 
such as precious stones, are known by va- 
rious prop'erties, and are accordingly ap- 
plied to diiferent purposes } some, in ad- 
dition to being serviceable in building, are 
used as whetstones ; some strike fire with 
steel ; others are polished to glitter in the 
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dress of the fair, or decorate the furniture 
of the opulent ; and others, melted by fire, 
form the transparent glasaf 

Although there seems to be an almost 
infinite variety of earthly substances scat- 
tered on the surface of this globe yet when 
ve examitie them chemically, we find 
that all the earth and stones which we 
tread under our feet, and which compose 
the largest rocks as well as the numerous 
different specimensVhich adorn th^ cabi- 
nets of the curious, are composed of a 
very few simple or elementary earths, the 
principal of which are the calcareous, si- 
Uceous, argillaceous y magnesia., terra pon- 
Jerosa, and a few others which have been 
(U SCO vered lately, but have not been much 
examined. 

Calcareous earth is found in the shells 
of fishes, the bones of animals, chalk, 
limestone, marble, and gypsum : but all 
calcareous earth is supposed to be of 
animal otigin ; and beds of challc, lime- 
stone, or marble, are thdught to have 
been beds^of shells formed in the sea, in 
some pristine state of the earth. 

Silex, or siBceous earth is the princi- 
pal constituent part of a great number of 



the compound earths and stones, forming 
the immense pnass of the solid nucleus 
of the globe, ^t is . the base of almost 
alt the scintillating stones, such as fiint, 
rock, crystal, quartz, agate, calcedon, 
jasper, Es'c. The sand of rivers and of 
the sea-shore, chiefly consists of it. 

Argillaceous earth is found in clay, 
fltnistus, or slate, and in mica. This 
species of earth is ductile with water, it 
then hardens and contracts by heat, so 
as to be of the greatest use in forming 
brick, or stones of any required form or 
size. 

Terra poneferosa is generally found in 
two states, viz. united to vitriolic acid, 
when it b called calk; or to fixed air, when 
it-is called terra ponderosa aerata. This 
earth indistinguishable by its great speci- 
fic gravity, being four times as heavy as 

Mag-nesia is found sometimes pure in 
nature^ but it is generally obtained by art 
&om some of its combinations. It gives 
a peculiar character to the substanccsof 
which it forms a part. The stones which 
comain magnesia in considerable quantity- 
have generally a smoothand unctuous fed. 
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a greenish cast, a fibrous striated tex- 
ture, and a silky lustre. Amongthem we 
may mention talc, stealA, serpentine, 
chlorite, asbestos, &c. Ture magnesia 
does not form with water an adhesive duc- 
tile mass. It is in the form of a very 
white spongy powder and perfectly 
tasteless. 

Stones are formed by the mixtures of 
the earths together, and of the mixtures of 
earths with alkalies, and sometimes with 
acids. Stones bound together by some 
cement, form rods. There is also a kind 
of stones of a peculiar nature produced by 
the fire of volcanoes. 

The stones in which the acids and al- 
kalies abound are called saline stones, and 
the mixtures of the earths with each oth- 
er form stones properly so called. Of 
stones properly bo called, those in which 
the siliceous earth abounds and predomv 
inates arc very numerous ; the principal 
of ^ich we shall briefly notice. 

Siliceous mixtures have sufficient hard- 
nes«.to strike fire with steel. Of this de- 
scription arethe precious atones, rock crys- 
tal, qr quartz, felspar, silex, crifsopryse, 
lapis laVaiiijasper^ and schorl. 



Gems, or precious stones, are of various 
kinds. They^re distioguished by their 
hardness, weiKt, colour, and splendour, 
as well as by tneir property of producing 
single or double refractions. As their 
colour is, of all their characters, the most 
apparent, it is according to ;diis that we 
shall divide them. 

Red gems are the ruby, the vermilHon, 
garnet and girasol. The ruby is a trans- 
parent stone, the colour of which is more 
or less red. It is disdnguished into four 
kinds, viz. the oriental ruiy, the spinel 
ruby, the balass ruby, and the Brazilian 
ruby. 

Tellowgems are the tapaz, hyacinth and 
jargon of Cvylon. Of the tepftz, there axe 
three kinds, the oriental topaz, the^ra- 
ziltan topaz, and the Saxon topaz. 

Blue gems are thesapphire.^andthe aigue 
marine. There are two kinds of the sap- 
phire, viz. the oriental sapphire, and the 
Brazilian. There are also two kinda of 
the aigue marine, the oriental and the 
occidental. 

Grejen gems arc the emerald of Peru and 
the chrysolite, of which there are two 
kinds, viz. the Brazilian, and ^/K. of the 
jewellers. 
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The diamond Ou^t certainly 'to be pla- 
ced among the precious^ tones, but it is 
different from ^1 those^ove described. 
Its combustibility is a property entirely 
peculiar to itself; the diamond indeed 
bums in the same manner as phosphorus, 
disappears without leaving any vestiges of 
it behind. The diamond is apposed to 
be pure carbon, and the radical of the 
carbonic acid. 

There are several varieties of the dia- 

tnond, which differ from each other only 

in colour ; some are of a rose colour, and - 

others red, orange^ yeiloWygreen^ blue and 

, dark coloured. 

Rock-ci-ystal and quartz seem to be the 
same stone. The name of rock-crystal 
is ^vento that which is crystallized, and, 
of quartz to that which is in a rude mass. 
The form of these crystals is a hexadral 
prism, terminated at one of its extremities 
andsamettmesatboth, byasummit com- 
posed of six triangular faces. In hardness 
they are inferior to all the other gems. 
Rock-crj'stal consists almost entirely of 
pore silex. Quartz enters into the com- 
positiop of granite. 

Frecafcne is of the same nature as 
N 



quartz. It is granulated, beingcooaposed 
of small grains of quartz, cemented toge- 
ther, but whicUbave vciy little adhesion. 

Felspar is mferior in hardness to 
quartz. It fuses by the action of heat, 
and forms white enamel. It is one of 
the constituent parts ai porcelain. 

We may mention, under this class, ad- 
dmantine spar, which approaches near to 
the preceding in its appearance and frac- 
tui*, but which differs from them con- 
siderably, by its great hardness, ite fonn,' 
itnd gravity. It is so exceedinglv hard, 
• that It may be employed to cut the diir- 
mond*' 

Flint is a stone, which is so hard as to 
strike fire with steel. Among the dif- 
ferent kind of flints, some rf?imgc there 
colour according to the directions df the 
rays of light, and others do not. Of the 
former there are three, the opalf the ca^t- 
eye and thejSsA-ej/f. 

The kinds of flints which do not change 
their colour according to the direction of 
the rays of light, exhibit tints of more or 
less brightness, and are susceptible of a 
line polish. We arc acquainted with 
eight kinds of them, viz. commtn J?inty 
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petro sikx, agate, cakedont/, cornelian, 
sardont/x, tht Jade, oadAepraaium. 

Common £int pAsefies ver^ little 
transparency^. All the different kinds of 
it have a dark dull colour, and are con- 
cave, or convex, qn the, fracture. They 
do not fuse in the fire, but are calcined 
and become white. 

The distinguishing character of petro 
tilex is it» semi-transparency, similar to 
that of wax. It becomes white in the 
fire, like the common flint, but it is more 
fusible, as it runs without any addition. 

Agate has a smooth shining fracture, 
and will Uke a very high polish ; it ia 
much variegated. When exposed to 
heat, it loss its colour, and becomes o- 
paque, but without fusing. 

The cakedany has a milky semi-trans- 
parency. S^very kind of it takes a fine 
polish. These stones are white, inter- 
mixed sometimes vith tints of red, yel- 
low, and blue. 

' The corne/ions are all either entirely,, 
or in part, of a beautiful, red colour, but 
they lose their colour in the fire, and be- 
come opaque. They are all susceptible 
ofa finepolis)i. 
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Lapis, lazuli is of a bcautiiiil sk^r 
' blue colour, sometimes mixed with white, 
and is cDtirelv yaque. It is sometimes 
mixed with pyrites, from which it has 
been supposed that it centred gold. If 
exposed to a strong heat, it fuses, apd 
forms a sort <^ whitish g^ass ; when cal- 
<!:lned, it dissolves in acids into a kind of 
jelly. Lapis lazuli, when pulverized, . 
forms that valuable colour known under 
the name of ultr'amarine. 

jasper is a stone which exhibits every 
variety of colour. It is exceedingly hard, 
and receives a very beautiful and dura- 
ble polish. When exposed to the actlpi) 
of heat, it does not fuse. 

Schorl is a hard stone, fusible in a 
moderate fire, without any addition. Its 
' crystals exhibit a great variety, in regard 
to form, appearance, texture, structure, 
&c. Schorl, in general, is opaque ; some 
kinds, however, are transparent, such as 
Brazilian emerald, the peridot, the touT' 
jnalin, b?c* 

The colour of schorl is various ; sormfl 
kinds are black, others violet, and some, 
green. Schorl enters into the composi- 
tion of porphyry, serpentine, the ophite^ 
gnmitell, and granite. 
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The primitive earths form stones, as 
we have mentioned, and stones united by 
cement form those masses called rocks. 
We shall notice the six mixtures which 
ate most commonly found in those mas- 
ses, viz. porphyry, serpentine, ophites 
ffranitett, granite, Mid flint. 

Porphyry is composed of felspar in 
', small fragments, of Schorl, and a kind of 
cement, which unites all the parts, and 
which, in some measure, forms the base. 
Porphyry is exceedingly hard, and diffi- 
cult to be cut ; it will, however, take a fine 
polish. Some kinds <jf it are red, and 
others green. 

Serpentine is composed of the same 
substance as porphyry. The only differ- 
ence is, that the felspar is in larger frag- 
ntents. The colour of serpentine is vari- 
ous ; some kinds are green, others violet, 
some yellow, and some bljck. 

The ophite is composed of only two 
substances, viz. Wact schorl, known un- 
der the name of ancient black basaltes, 
interspersed with greenish felspar, which 
forms in it long spots. This stone has 
considenibl & h ardness . ' 
N3 
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GranittU is also composed of two subt 
stances ; black schorl, and white fclsper, 
mixed with some of the green felspar. — 
The only difference then between the 
granitelles and the ophite is, that the 
, schorl which enters into the convpositioit 
of the former is not of the same kind as 
that in the latter. 

Granite is composed of felspar, schorl, 
and quartz. The colour of granite is 
various ; it is hard, difficult to be work-: 
ed, and receives a fine polish. 

FUnt is a hard opaque stone, susceptU 
ble of a very beautiful polish. It appears 
to be composed of concentric strata, and 
has considerable brilliancy on its frac- 
ture. Flints are never found in continued 
quarries, like the other stones ; they are 
found detached, and dispersed through- 
out the fields. When joined by any 
kind of cement they form pudding-stones. 
They be come*de composed in the air, for 
they are found fof the most part covered 
with a crust, of a softer nature than the 
interior part. Their colour is exceeding- 
ly various; some ofthem are spotted and 
variegated with veins, others exhibit:; 
the resemblance of plumes, aod even of 
plants. 



, Fakonic Productions are thieSy pum* 
ice-sti^a, iaua and baaaltfs. 

Pumice-stone is real glass, in the form 
of small greyish, wh'^e, and exceeding- 
ly brilliant filametita. These filamenu 
always leave vacuities of greater or less 
size between them, which ofccasions great 
variations in its speci&c gravity. In 
general it is lighter than water. 

Lava is that burning matter which runs 
down, in such prodigious quantities, from 
volcanoes, when in a state of erupticHi, 
and often extends to a great distance. 
This matter is a semi-vitrified substance, 
which appears blackish, on account of 
its density. 

Basaltes is Uacklsh and opaque. By 
the action of heat it may be converted 
into glass, of a very beautiful black co- 
lour. It often crystallizes in ]3ri3ms, 
of three, four, five, six, or seven planes. 
Of some kinds, such as that known un- 
der the name of touchstone, the gr»n is 
exceedingly fine. 

II. 0/ Salts.— The alkalies, the acids, 
and the combinations in which they enter 
insufficient quantities, are csjlei salt*. 
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or salitu aubstancn; far a saKse sub- 
stADce, ID its extended chemical Bcnae,' 
means a substance that has some taste, 
and is soluble in Water. The^e sub- 
Stances, however, do not strictly and ex- 
clusively belong to the 'fossil department, 
but are obtained also from animal and 
vegetable substances. Thty are the most 
active agents in creation. They give 
bodies their consistency ; preserve them 
from corruption, and render them sa- 
voury. 

Alkalies are distinguishable by their 
acrid, burning, and urinous taste, their 
causticity, their singular action on the 
skin.and all animal substances, the quali- 
ty of changing the blue colour of violets 
to a green, and even a greenish yellow, 
and deliquesccncy. We are acquainted 
with three species, — potash, soda, and 
ammonia, liie first and second have 
been called fixed alialiet, because they 
melt and grow red in the fire before 
they becouc volatile; the third has beea 
named vo<!afi/fa/fa/i, from possessing the 
opposite property. 

Pottuh is "known by the following char- 
acters : — It is dry, solid, white, and verj' 
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deliquescent, abeorba vater wid\ heat 
and a peculiar faint smelL, combines with 
siliceous earth by fusiotr^ and forms glass. 
It is frequently found native with lime, 
and combined with different acids ; but 
is chiefly obtained from vegetables^ in 
the dshes of which it remains after com- 
bustion. 

Soda or the mineral alkali^ is procured 
from tke ashes of sea-weed, and consti- 
tutes the basis of aea-salt. It strikingly 
resembles potash in form, causticit]', fusi- 
bility, deliquescency, combination with 
earthy substances, by meana of fusion, 
action on Knimal substances, ficc. so that 
it was long confounded with it, and might 
have continued to be bo, if it did not form 
very different salts with acids, and yields 
these acids to potash. ' 

Ammonia, or volatile alkali^ dlSeis 
greatly from the two preceding species 
in its form of gas when dissolved io cal- 
coric, in its liquid form when dissolved in 
water, in its pungent and suffocating 
smell, its solubility in air, &c. Am- 
monia is procured by burning *raimal 
substances ; in Egypt, (from whence, as 
contained in sal ammoniac we till of late 
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imported it) from camels' dung ; but 
now from bones by distillation. 

All Acids appear to be combinations of 
oxygen or vital air, with elementary sub- 
stances. Their taste is sour, as- their 
name imports. They change most of 
the blue vegetable colours red, and have 
a tendency to combine with earths, alka- 
lies, and jnetallic substances. 

All acids, being compounds of oxygen 
with different substances, the formerprin- 
ciple is the cause of their resemblance and. 
common properties ; the latter, being 
different in each, may serve to character- 
ize each in particular. For this reason 
•those matters which are variable in acids 
are termed their radicals, or acidi^bU 
principles. Thus all acids are combina- 
tions of radicals, or acidifiable substan-" 
ces, different in each , species, with oxy- 
gen, which is the same in all : whence it 
follows, that their coinmon properties, 
their characters as acids, depend on oxy- 
gen, which is the acidifying principle ; 
their particular propertfes, their specific 
characters arise from their radicals. The 
word acid, indicating the general and 
identical nature of these substances, forms 
their generical name, while the particular 
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name of the radical contained in each may 
with propriety desfgnate each particular 
ac]cl> — Thus sulphur is the radical of the 
acid we name sulphuric, phosphorus that 
of the phosphoric, carhoo mat of the 
carbonic, and so on. 

Acidifiable radicals may contain differ- 
ent quantities of oxygen, and under this 
point of view they possess two states of 
acidity- The first is that, in which they 
contain ttie least possible quantity of oxy- 
gen to render them acid. In diis their 
acidity is commonfy weak, and they adhere 
but feebly to the bases with which they 
arc capable of forming salts. The mod- 
ern methodical nomenclature designates 
this state of combination and acidity, by 
giving the names of these weak acids the 
termination ous. Thus we say the sulphu- 
rous, nitrous, phosphorous, or acetous, 
acid. The second state of acids is that, 
in which .they contain more oxygen, and 
in general are completely saturated with 
it. In this they have all the strength and 
attraction they aft capable of possessing 
as acids, and the modem nomenclature 
expresses it by the termination ic. Thus 
we say the sulphuric," nitric, phosphoric, 
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or acetic, acid. With regard to the prd- 
portion of oxygen uoited to acidiEable ra< 
diesis, still greater latitude may be given 
to the cotuiderations presented above* 
£ach radical may be contemplated in four 
states : Ist, conuining very little oxygen 
bot sufficient to impart to it the nature of 
an acid, and in this it is nothing more than 
an oxyd ; such is sulphur coloured red or 
blown, hf exposure to the air, and a de- 
gree of best inadequate to produce infla- 
ination;.when it is oxyd of sulphur ; Sdly 
containing more oxygen than in the pre- 
ceding case, and enough to become an a- 
cid, though weak ; as in the sulphurous 
acid ; SAly, possessing Still more oxygen 
than In die second instance, and having 
acquired powerful acid properties ; such 
as the sulphuric acid ; '4<thly, conj<»ned 
with a larger dose of oxygen than is neces- 
sary to constitute a powerful acid, an acid 
in ic,- virhen it is termed an oxygenated 
acid, or even super- oxygenated. 

The acids are generally divided- into 
mineral, vegetable, and animal, acids, ac- 
cording to the nature of their radicals. 
Though the first class only with propriety 
daims notice in this place, yet for the in- 



formation of the reader we will enumerate' 
those beluDging to each of the above 



The mineral acids at pteseatknawaa.re 
the sulphuric (formerly called the vitriolic 
acid); the nitric acid, called also aquafor- 
tis,- the muriatic or marine acid, called by 
ardzans the spirit of salt ; the carbonic 
acid, formerly called the acid of charcoal^ 
aeriai,acid,ot fixed air, is'c. the phospho- 
' ric acid, which is likewise aa animal acid> 
it being found amongst animal matters as 
well as among minerals ; the acid of bo- 
rax ; the flouric acid, formerly called the 
acidofspar ; the arsenic acid ; the molyh- 
dic acid; the luiigstenic acid; and the 
chromic acid. The last four arc also 
called metallic acids. 

The vegetable acids are the aceljc, or 
yinegar, the acid of tartai 
matic acid oftartar, the o 
sorrel, the acid of galls, tf 
on acid, the malic or aci 
benzoic, or the acid of bei 
pyreumatic acid of sugar, 
jhor, and the suberic or acid of cork. 

The animal acids arc, the acid of milk, 
the acid of sugar of milk, the formic or a- 
O 



cidof ants,the pnissic acid, viz. fbecokMi- 
rihgmatterof pruBsian blue, which is t^ 
tained from dried blood, hoofs, &C. i1k fle- 
back or acid of fat, daebombicoracidt^ 
silk-worms, the laccic or the acid ofwa^ 
matter, and the zoonic, or die acid extrac- 
ted from animal matter by meuiB of lime. 

For a more full account of these acids 
we r^tpt the reader to various recent pub- 
ricattofis, written professedly on the sub- 
ject of thcmistiy. 

Acids and alkidies, shew strong attrvo 
tioas for each other, and when codibiaed 
together in sudi proportion that neither trf 
diem j^-e dominates, torm neutral saUg : 
substances altogether difisimilar to die 
elements of which they are composed. 
The salt in common use for instance, is 
formed of mineral acidand alkali; either 
of which, singly, would be hurtful to the 
human body ; and die acid, in particular, 
would be extremely pernicious. 

£ach acid produces with each of the 
three alkalies a particular neutral sah. 
The number of the last may therefore 
be found by multiplying the number of 
the acids which we know, by three, the 
ttumber of the alkalies. 
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aolphur or bitumens. These substancics 
are both derived from the spoils of vege- 
t^les and animals. 

Sulphur^ known also by the name of 
irimstone, is a simple combustible sub- 
fttaoce, which nature frequently presentA 
in a pure state. It is found in (be earth 
in a loose powder, or soUd ; and either 
detached or in veins. Itirmet with. In 
the greatest plen^r in the neighbourhood 
of volcanoes, and is deposited as a crust 
fHi stones contiguous to t^em. It is al- 
so aieiwithinmmeralwaters,coai'mine9« 
&c. and also in combinations with moat ' 
of the metaU. 

, The bitumens are naptha, petrol, min- 
eral tar, asphaltupi^jet^carmei-coal^ min- 
eral tulltnv, pit-coal, amber, &c. 

Napthcf is a white or yellowish white 
sobstaace, fluid as water, feels greasy, 
hss a penetrating smell, and bums with a 
light aame,leaving scarcely any residuum. 

Petrol, or Petroleum, is a brown semi- 
transparent substance i being n^tha* 
Sickened, and atteredutcolourand other 
respects l^ the air. 
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Mnerai Tar is petrol farther altered by 
the air, having become of the colour and 
consistency of pitch. 

Aephaltum, or mineral pitch, is produ- 
ced by a atill farther exsiccation or 
drying. 

yet is a substance of a full black, hard- 
er, and less brittle than asphalt ; and ac-' 
cording to Widenmany is a species of 
coal. 

Canneli-coat appears to be next to jet, 
in gradation, of the compound raioeml 
bituminous sutratancest 

Mineral Talhw'xa rarely niet vith, and' 
knpeH^tly' ktiown. It much resemUes 
tallow. 

Mineral Caoutchouc is a substance 
much resembling, in its elastic properties, 
the substance from which it takes its 
name. 

Pit-coal, according to Mons. Gentanne 
and others, is aii earth or stbne, chiefly of 
^e argillaceous genus, penetrated or im- 
pregnated with pelrol or asphalt. It has- 
also been supposed to have been formed 
by vegetables growing in the sea, and by 
vast forests which have bcea buried by 
subsequent revolutions. ■ 



Amber is a bitumen gecerally of a^el- 
low ot brown colour. It is found either 
under the surface of the ground, among 
the clay, sand, and irqn bog ore, when it 
it called ybsAU amber, or is thrown on the 
shore by the waters of the sea, and is then 
called mineral amber. It is tasteless, but 
when rubbed it^-ields a faint odour, and 
maoifeats ctectnc powers. 

IV. Metals. — We are at present ac- 
quainted with twenty-one metallic sub- 
stances, essentially diifcreitt from each 
other ; gold^ptatina^ silver, mercury, lead, 
tapper, iron,tin,xinc, bismuth, antimony^ 
€irseniCi cobalt, racket, manganese, molyb- 
4etta, v}otfram,ehrame,uranium,titanium^ 
and tellurhim. 

Metals exceed all other fossils in spe- 
cific gravity ;* but there exists, in ^is 

'TfacspeeificgraTltyofanybodyisthepTopwtion 
which iu wei^t bears to the weight of another 
body ofequal bulk! ' The established cuatam is to 
compare sU bodies with water, the specilic gravity 
ofvhich is reckoned oncj or unity : so that when 
the specific gravi^ of anybody, asGoldifbr instance, 
is laid to be t9i Zinc 7, ne mean that equal quan- 
tities of Water, Gold, and Zinc weigh respecUvety 
I, 19, aad7, bethev pounds, ounceB, grains, or sdj 
otbCT weights. 03 
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respect, a remarkable difference among; 
themselves. They arc completely opaque. 
They aisO possess a mirror-like lustre, 
which is one of their characteristic marks 
and they present a convex surface when 
melted in earthen vessels. Besides, they 
are all insoluble in water. And by these 
external' characters, it is easy to distin- 
guish this class from all otheryoj«i/s, viz." 
earths, saltSf bitumens, and sulphur. 

Metalg ifre concealed in the earth, and 
form brejlt which eiiating in crevices of 
rocks, are calledfei'W,aiid are distinguish- 
ed inip level, or into incimf^/, director 
oWiffWT, according to the angle they make 
with the horizon. The part of the roclr 
resting on the vein, is termed, the roof; 
aiid that on which the vein rests, the bed of 
the vein.-- And the cavites made in the 
earth, in order to extract these ores, are 
called mines. 

When nature has bestowed on mctala 
their proper metallic appearance, or they 
are only alloyed with other metals, ihey 
are said to \>ei native. When combined, 
as they commonly are in mines, with some 
uhmetallic substance, they are said to be 
mitwalized; the substance that sets them 
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inthftt state, is called a tnineraltzer', aftd 
the compound of both, an ore,- which term 
is applicable when stones, Or earths, con- 
tain metalli^C^ubstances, whethernative or 
inin^alized, in anotable proportion. 

Several metals are ductile and mallea- 
hle, and their parts (nay be displaced from 
eai^btlier by 'compression, or hammer- 
ing, without losing their cohesion. Hence, 
spmeof them may be' stretched out- to 
min laminse, or drawn into slen^der "fila- 
ments ; as, for instance, gold, silver, plan- 
tina, copper, lead, tin, and iron.— -Other 
metals arcJragHei, ortirittte, and do not 
admit of being stretched and extended ; 
such are antimony, arsetiic, cobalt, bis- 
muth, £ifc- 

All metals are fusible, but not all in 
the same degree; thus mercuty is mel- 
ted even by the usualtemperature of our 
atmosphere. — Some metals, as tin and 
lead, melt even before ignition ; others, 
as sih'er, gold copper, iron, fuse only af- 
ter being ignited. 

Ail metals, iron and platina only excep- 
ted, melt on a sudden, as soon as they 
are heated in a due degree ; but iron 
and platina grow soft before they fuse,' 
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jmd OB &is depends Hint very ueefu) 
property of becoming capable of beiog 
foeltkd. 

Almost all metals may be confined 
by fusion into one seemingly homogeiie- 
ous. mass, and from tbence various metal' 
lie inixtureSf metaRic alloys, or composi^ 
tiocs arise ; whtcb, for their particular 
properties, are often of very great utilityi 

U metals be continued in fusion, they 
lose their brilli an cy,and become an opaque 
powder, or what is termed a metallic oxyd 
or calx. 

All metals, gold, silver, and platina, 
excepted, are oxyded or calcined in fire 
with access of air. In this respect, those 
which cannot be oxyed by fire have recei- 
ved the name of noble metals, to distjn- 
guish them from the rest which may be 
calcined that way, and are called 6ase 
jnetals. 

GoWis a noble metal, of ayellow colour- ■ 
and, after platina, the heaviest of metals. 
Its specific gravity is from 19,258 to 19,- 
640. Its liardness and elasticity are in- 
considerable ; but its tenacity is. great ; 
and with regard to ductility, ofm^^eahHi- 
ty it exceeds all other metallic substanceSi 
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Flatina is a noble meta) of a white co- 
lour ; for which reason some called it 
.-white ffijld. In Europe it is known only ' 
since die middle of the present century, 
and brought to usinsmalHrrcgnUrly-fig- 
ured grains, but which are impure, and 
mostly contaminated with iron. Pure 
platina exceeds all othermetals, even gold 
in specific gravity, v^hich is found to reach 
Si,061. ■ It is ductile and malleable ; its 
hardness arid tenacity are greater than 
those of goldj and it admits of being 
welded. ■■ ] 

Silver is a noble Tnetal, of a white color 
whose sperffic 'gravity is variable from 
10,4r4-to' 10;i42; it.is very mallealile 
and dactilti'fmd ttf a moderate hafdness. 
It fuses in a Tieat of less intensity than is 
requiredby gold ; it is fixed in fire, and is 
not affectfed by' w&t^r nor air, remaining 
iri both unaltered ; but by sulphureous 
vapoors-itisverys'oon tarnished.' ■'■''■■ ' 
' Me'revrtf, or tfttiSsiher is. a base metal 
of a while colour.- ■ 'Its specific gravity is 
upon an average 13,674— it is thp most 
fusible of all known metaJsi' and continues 
ilnthe ■fl^id state even in the' cold temper- 
ature of oar winters ; it congeals only at 
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40 Farenheit, and shews then some tena- 
city and ductility. 

Lead is a base meta] of a bliush white 
colour. Its specific gravity is from 11,-. 
352 to 11,445 ; it is considerably ductile 
butUttle tenacious and hard, hence it may 
be extende^i m thin plates by the hammer 
but not drawn into £ne wire. It has 
scarcely any elasUcity. 

Bismuth is a yellowish or reddish white 
metal, of a foliated fracture, and very 
brittle, it being even reducible to powder 
by. the hammer. Its specific gravity is 
from 9,670 to 9,822. It is somewhat 
harder than lead but more fusible. 

Nickel is a greyish white metal, of a. 
specific gravity betwpen 9^300 and 9,333 
It is malleable, and very compact or firm. 

Copper is a base metal, of a brownish ' 
red cglour; sonoro.us, very tenacious, 
ductile, and malleable ; of a considerable 
compactness; of a moderate hardness 
and elasticity ; and of an hackly fracture. 
Its specific gravity varies from 7,78S to 
9,000. 

ArMTuc is a brittle metal, and on the 
recent fracture, of a mean colour, betwixt 
t|in-whitc and lead-grcy ; but, on ezpo> 
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tart to iur, it soon turns black and duU. 
Zta specific g^-avity is 8,310 ; its hardness 
is somewhat considerable, and seemingly 
surpassing that of copper. But its due- 
tili^ is so little, and its brittlencss so great 
that it is readily coaverted into powder by 
die hammer. 

Of all metals Iron exhibits the most 
' varieties and deviations. Its differences 
in colour, denait}', fracture, tenacity, duc- 
tility, and degree of fusibility, are uncom- 
monly great. — Soft and malteableiron has 
a greyish-white colour, a light grey, fi- 
brous,hackly fracture. Its specific gravity 
at a mean rate is 7^700 ; its hardness is 
. not great, but its malleability and tenaci- 
ty are considerably so ; and it has this 
cfaaracteristic property, not possessed by 
other species of this metal, that whether 
cold or ignited, it may be extended, forg- 
ed, and bent, without breaking. 

By cast or crude lYon, that metal is 
understood, which is obtained by the 
first smelting of iron-ores. Such iron is 
distinguished from ductile iron by its re- 
fusing to be extended and forged by the 
hammer, whether cold or ignited, by its 
bri[tleness,and by itt fusing in strong heat 
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in open fire, without addilipn, whereby 
it is rendered capable of bt^iag cast into 
moulds. The colour of crude iron is 
more or less of a pale grey. 

■ Steei differs from both the ductile and 
the crude iron. — Its distinguishing pro- 
perty is, that when it is tempered, that 
le to say, when it is hastily plunged in 
cold water while ignited to redness, it be- 
comes harder, more brittle, and ioficxi- 
ble ; and that, before this tempering or 
hardening, it is ductile, whether cold or 
ignited j and alsc^ that after having been 
hardened, it reassumes its ductility by a 
fresh ignifon and gradual cooling, with- 
out quenching.— Its colour is a light grey, 
its fracture finely granular. 

Cobalt is a base metal, of a. lead grey 
colour, brittle and hard, and of specific 
gravity from 7,000 to 7,700. , This metal 
is rather of dlSicuIt fusion. 

. Tin is a base metal of a white colour, 
a little more verging to blue than that of 
silver. — It is very soft, pretty malleable 
and tractable ; its compactness and elas- 
ticity are but slight. When broken or 
bent, or when compressed betwen the 
teeth, it makes a peciJiar crackling noise, 



which is oDe of its characteristic proper- 
lies. The specific gravity of tin is varia- 
IJe from 7i2I6 to 7^31. Its gravity de- 
creases in the ratio of its purity. 

Zinc is a white metal, of a radiated 
texture, changing into the foliated. Itis 
of a middle kind be.twen the malleable 
and brittle metals, and may be extended 
into thin laminae, at least between metal- 
lic cylinders in rolling mills. The spe- 
cific gravity of this metal is from 6,8G2 
to 7,215. 

Antimony has a "vi^te colour, resem- 
bling that of tin, a foliated radiated text- 
ure, and is very brittle. Its specific gra- 
vity varies from 6,702 to 6,660. In the 
air it loses little of its metallic aplendoiir 
and it does not rust in the strict sense of 
the word. 

Manganese is a white, hard, brittle me- 
tal, whose specific gravity is found to be 
from 6,850 to 7,000. 

Molybdena has a pale lead-grey colour, 
a metallic lustre, and a lamellated fracture 
it is very soft, and marks pj^MT easily, 
leaving a shining trace. Its specific gra- 
vity is between 4,138 and 4,569. 

Wolfram is anietallicsubstaQceof mod- 
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cm discovery, and of a particular Kind, 
Vhose calx or oxyd is of a yellow colour, 
and one of the constitnent parts of tb6 fbs^ 
ail, called tungsten. 

Another distinct metallic substance on- 
ly a few years since discovered by Klap- 
roth, is the Urtmium, The osyd of a- 
Tanium has a lemon-yellow colour, is fix- 
ed in fire, and infusible when alone. Ig- 
nition changes H* colour to a browoisb 
grey. 

We are likewise indebted to Klaproth 
for the discovery ti the new metal called 
by him Titemium at Titanite.— It is con- , 
tained In the mineral called red shoerl a» 
anativeoxyd. The colouroftheperfctt 
oxyd of titanium- is red; but when kept 
in violent ignition upon coals, and by a 
greater degree of disoxydation, it gradu- 
ally assmnes a yellowish, bluish, ami 
blackish hue. 

Teffurium is a metal of a white colour 
lite tin,indining to lead -grey. It is brittle 
and friable; possesses a lamellar texture, 
and considerable metallic lustre ; is one 
of the most easily fusible metals, and ex- 
hibits a crj'staliized surface when slowly 
tboling after fusion— ItB specific gravity- 
is 6,115. 



,. CAromt is a wbiu metal, iscUoing ta 
^ey, very brittle, and crystallizable at an ^ 
elevated temperature in feathered fila- ' 
Qients OS the surface. 

Tbe minerals to be found in EngTaiiJ 
arc both curlouB and usefuL Amber, jet, 
vitriol aad allium are found in considera- 
ble quantities ; our canal coal approaches 
nearly to tfie beauty of jet, and even our 
common coal fire for firing is of % superior 
nature. The English earth and gravel 
M:%ofthebestquality;ihndwehave stonS, 
slates, flags, and other Eossila necessary 
for building in great abundance. Tin is 
another article in which England, from 
the time of the Pheiticians had always had 
the pre-eminence. The county of Corn- 
wall alone produces more than all the 
world besides. Our lead ore^S richer 
than in other countries, runs more fluendy 
ia the fire, requires less trouble and ex- 
pense in working, and is when wrought 
very fine and ductile. Our black lead or 
wadd, found in Cumberland, is a mineral 
of great use and value in several branches 
of trade and arts. . Copper and iron are 
also found here in great plenty, and seve- 
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ral ores of these metals, particularly is 
Anglesey, have of late been discovereit, 
and brought into use, which were un- 
known before the recent improvements in 
chemistry. 
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Of Vegetables or Plants. 

NEXT to the earth itselfj we may con- 
sider those that are maintained on its 
!>urface ; which though they are fastened, 
to it, yet are very disdnct from it : and 
those are the whole tribe of vegetables 
or plants. These may be divided into 
three sorts, herbs, shruhs, and trees, 

JSerbs are those plants, whose stalks 
are soit, and have nodiing woody in them, 
asgrass,sowthistle,andhemloclt. Shrubs 
and trees have alt wood in them ; but 
with this dilference, that shrubs grow 
not to the height of trees, and usually 
spread into branches near the surface of 
the earth ; whereas trees generally shoot 
up in one great stem or body, and then, 
at a good distance from the earth, spread 
into branches ; thus, gooseberries and 
currants, are shrubs ; oaks aad cherries, 
are trees. 

P2 
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Numerous are the works wlitcfi hav* 
been written, especiaUjr in later times, oi^ 
the science of botanjr, and various sysr 
terns, or classifications of plants have' 
from am<i to time been proposed i but 
the sejEual system of Limueus i& 9t pre^ 
sent generally received. This tiaturalist- 
has drawn a continued analogy betwc^ 
the vegetable economy and that, of the 
animal ; and has derived all his classes, 
orders, and genera, from the number, 
situation, and proportion of the parts of 
fructification. In twenty-four classes, - 
he has comprehended every known genus 
. and species. In considering a plant 
with a view to its characteristics, or dis- 
singuishing features, it is divided by Lin- 
naeus into the Ibllowing parts, making so- 
many outlines, to which tHe attention of 
the botanical observer must be directed; 
1. Root; 2. Trunk ; 3. Leaves ; 4. Props 
5. Fructification ; 6. 'inflorescence. !■ 
The roci: consists of two parts, the caudex 
■and the radtcula. The caudex, or stump, 
is the body or knobof the root from which 
the trunk and branches ascend, and the 
Abrous roots descend, and .is either solid, 
bulbous,- or tuberous ; solid, as in trees 
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fti) d other examples ; bulbous, as In tulips 
6?c. tuberous, as in potatoes, EjPc. The 
radicula is the fibrous part of the root, 
branching from the caudex. 2. The trunks 
which includes the branches, is that part 
which rises immediately from the caudex 
ift either herbaceous, shrubby, or arbor- 
escent, and admits of several other dis- 
tinctions, according to its shapCjSub stance, 
surface, Et'c. 3. The leaves are either 
fimple, as those that adhere to the branch 
singly, or compound^ as when several ex- 
pand from one footstaik. Leaves are far- 
ther described by .various terms indicative 
of their form and outline. 4. The props 
those external parts which strengthen 
suppon, or defend, the plants on which 
they are found, or serve to facilitate some 
necessary secretion ; as the petlious, or 
footstalk of the leaf j the pedunculus^ or 
footstalk of the flower, the stipu/a, or 
husk, that is, the small leaves that gener- 
ally surround the stalk at its divisions ; 
the cirrhua, or tendril; thepubes, or down; 
the arma, or defensive weapon, as thorns. 
5. The JrtictificaSion, or mode, of fruit- 
hearing. 6. The inflorescence, or made by 
which die flowers are joined to the scvc- 
;'al peduncles. 
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. In plints there is an infinite diversi]^^^ 
some aquire a long succession of ages to 
bring them to perfecUon, while oOiers at- 
tain their full maturity in a few houra ; 
Bomc are of immense magnitude, while 
others are of an inferior stature, descend- 
ing by ^^dation till they become tOQ mi- 
nute to be cognizable by the senses. The 
mighty baobob of Senegal, described by 
AdaiiB on, whose stem is 75 feet in circum- 
ferance, stands astately monument on the 
face of the earth for masy thousands of 
years; while the mushroom, which it 
much resembles in form, springs up- in a 
day, perfects its seeds, andis withered to- 
morrow ; and when we carry our views 
still farther, into that immense profou^id 
of minuteness which has but of late been 
partly laid open to us by the invention of 
the microscope ; into the class of mosses, 
which are in some measure cognizable by 
the naked eye, and still farther into the 
more minute class of plants denominated 
mou/f/, which, even in those of the largest 
species, are too small to have their parts 
cognizable by the naked eye, and which, 
when viewed by the best microscopes^ 
discover a series of existences diminish- 
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ing by a regular gradation, like stars in 
the galaxy under the best telescopes, till 
they arc lost in the infinity of minuteness, 
leaving every reason to believe, that, 
could the magnifying powers of our in- 
struments be augmented a thousand fold, 
we should still find ourselves as far from 
discovering the termination of this series 
of infinite diminution as we were at the 
commencement of our imperfect survey. 
The world that we see, therefore, seems 
to be but a very small part of that which 
exists ; our feeble optics are capable of 
taking in scarcely a point of that universe 
which surrounds ua ; and our imperfect 
understandings can scarcely obtain a 
glimpse of that infinite power and wisdom 
which regulates the whole. Among this 
infinity of objects, however, we can clear- 
ly perceive the most perfect regularity 
and order pervading every part; and 
' that all the operations of nature proceed 
with invariable steadiness to effect the 
purposes for which they have been de- 
signed. 

Thus we see that all animate objects, 
JTom the largest that has been discovered 
pn this globe, to the smallest that caa . 



ever be made to be perceptible to us, ibt 
Tariably proceed from other animated ob- 
jects of the same kind, although they ap-. 
pear at times under such disguised forms 
as not to be at first sight cognizable by us* 
This rule ap]:dies to vegetables as well a^ 
animus. The plant, of mould, which, 
even when it hath attained its full stature^ 
can scarcely be perceived as a point under 
our microscopes of the highest magoify- 
ing power, we have every reason to be 
satisfied, produces its seeds in as regu- 
lar order, which ripen at their appointed 
period with the same regularity as those 
of the mi^ty baobob ; but while this re^ 
mains a stately monument upon the aur^ 
face of this earth, and sees diousands a£ 
gener^ions of men succeed each other, 
and successively shelter themselves un- 
der the protecting shade of its spreading 
branches, we observe the mou/f/spring^ip, 
perfect its seeds, scatter them in imper- 
ceptible myriads in the air, and disap- 
pear within the short space of tne hour: 
so that during the short period of out; 
existence here many myriads of genera- 
tions of mould have succeeded each other* 
Time itself dien, when the universe '^ 



viewed as a whde, can only be consider- 
ed its a relative object. Shidl man then, 
a being who cannot comprehend fuUy the 
nature of a sin^e object around him, 
dare proudly to lift up his face, and pre- 
tend' to decide concerning poBsibilities 
and the powers of nature ! His proper 
province is to be humble and ad<ve ! 

The plants with which we are best ac- 
quainted may be arranged into three 
grand divisions. The fint are those 
whose roots and stems remain for msmy 
yean, which comprehends all the varie- 
ties of trees and shrubs. These, for the 
most part, require several years to bring 
liiem to a state of puberty (if that phrase 
nay be admitted), when they beg^n to 
put forth flowers, and perfect their seeds } 
after which time they usually continue' 
to produce an annual crop of flowers and 
fteeds for a long period of time ; the fruit 
hi general succeeding the flowers, and 
perfecting their saeds in the same year; 
faut to this rule there ^re several excep- 
tions* In 8 few instances die seeds do 
not attam to muturity in the same sea- 
■on that the flower is produced ; but, 
coatinuiDg upon the tree the whole wki- 
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ter in as immature state without being 
killed, they advance in the second season, 
andthenonlyperfecttheirsee^; instances 
of which are to be found in the juniper 
and orange-tree. Others coutioue to ad- 
vance for several years, as usual, with- 
out showing fruits ; and when at length 
they reach that state of maturity, they 
then flower, and, having perfected their 
seeds, they decay and flower no more, 
dying dovvn like annual plants ; an exam- 
ple of which is to be found in the cab- 
bage-tree of tropical regions. Some are 
scarcely ever (perhaps never) known to 
produce either flowers or seeds of any 
sort, but admit of being propagated by 
some other means ; instances of which 
arc to be found in the English elm of our 
own country, the jack, or bread-fruit tree 
of India ; and many others. 

The second division of plants are those, 
that have a perennial root, from which 
stalks are sent forth anaually, which us- 
ually produce flowers, perfect their seeds 
in the summer, and die down to the 
ground at the approach of winter. The 
stems of these are for the most part of a 
similar structure and consistence with 
those of 
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Tlie third tiais, or annuls, from the 
see4s of which, if sown in the springs 
stalks spring up which produce flowers 
and seeds the same season ; after the 
perfecting of which the stalks decay and 
die entirely away. Bicrtninls can dnly 
be viewed as a diversity of these, that . 
have not' sufficient length of season to 
brin^ them to perfection in one yean 

.Whether distinctions similar to these 
take place among those minute tribes of 
plants which we call microscopical^ it 
axceeds our power at pi-esent to deter- 
mine. From the ahot-t period' of their 
existence, wa have been generally in- 
clined to think that they arc all similar 
in quality to annuals ; that is tO say, that 
they flower but once, and die down im- 
mediately after they have bnce perfected 
their Seeds. Vet, who darea pretend to 
say, that the plant of mould, which ex- 
ists perhaps but one of Oiir hours, may 
not produce in that period many thou- 
sands of successions of ripe seeds, each 
of which has taken its due season to ri- 
pen like those of the baobob, which 
flourishes on our globe for hundreds -of 
ages ! for the same infinite power which 
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bae decreed that the total duration of 
this plant shall be limited to an hour^ 
may have also decreed, that the matura- 
tic»i of its seeds, and the compIeUon of a 
period that to it should be similar to that 
of our year, should be accomplished in 
the thousandth part of a second of our 
time. 

All plants seem to grow in the same 
maimer : the genial warmth of the sun, 
the refreshment of the rains, the same 
soils appear to suit their respective spe- 
cies ; and, upon a superficial glance, they 
seem to have the same common parts. A 
chemical analysis discovery the sat^e con- 
stituent principles in all, that is to say, 
calcareous earth, oil, water, and air, with 
aportioD of iron, to which they owetheiir 
beautiful colours. Yet, although compo- 
sed of similar materials, their juices to 
the eye, and to the taste, appear as vari- 
ous as their forms. The soporific milk 
of the poppy, the acrid hut equally milky 
juice of the spunge, the acid of the sorrel, 
the saccharine sap of the sycamore and 
maple, and the resin of the tribe of pines, 
bear no resemblance to each other. 

The inward structure of plants is as 
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regular and various as their external 
forms are elegant and well-proportioned. 
The root, trunk, branch, leaf, ftower, 
fruit and seed, have etch its peculiar 
character and form. No part in the con- 
texture of the smallest fibre is unfinish. 
ed but is formed with the most minute 
exactness. The seeds of plants have the 
appearance of shells, unlike in form, and 
diversified with spots and stripes. Eve- 
ry seed possesses a reservoir of nutri- 
ment, designed for the growth of the 
future plant. This is the matter prepar- 
ed by nature for the reproduction and 
continuation of the whole species. This 
nutriment consists of starch, mucilage, 
or oil, within the coat of the seed, or of 
sugar and subacid pulp in the fruit, which 
belongs to it. The sections of the vari- 
ous kinds of trees are crossed with the 
greatest number of regular figures which 
the imagination can conceive. The lines, 
which form the texture of fir-trees, 
are distant ; but those of oak arc close 
and compact. — And this difference of 
texture may serve to account for their 
greater or less solidity, and the difference 
of time requisite for them to arrive at 
maturity. 
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The nourishment of plattts is perform- 
ed chiefly by the tender fibres of the roots, 
which being spread under-ground, inti- 
bthe fiom the moist eafth jui^e fit for 
their nutriment, which they transmit to 
the other parts. The iinpulse by which 
the juice* rise seems to be capillary at- 
traction i for the roots of all vegetaUss 
are suppascd but bundles of capillary 
tubes ; and whether we consider earth, 
wall r, $Hlt and oil, as the food of phtnts— ' 
pr, with Kirwan, that coal is essential to 
that food— or with Ingenhouz, that it is 
vital air decomposed into fixt ^ir and. 
azote ; still that food must be formed by 
water into an emulsion, capable of being 
acted upon by capillary attraction ; and 
as all roots are but assemblages of these 
tubes, there can l>e little doubt but thelc 
attraction supplies the plant with its first 
food ; though other causes must assist 
in carrying it to the tops of the tallest 
trees, such as dilatation and contraction, 
by the successive heat and cold of day 
and night, the muscular action of vascu- 
lar rings i-ound the tubes irritated to con- 
traction by the stimulant sap. Sec. The 
interior bark conducts the nourisbmenc 
supplied by the earth. 
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After the sap has thus ascended to the 
kaves, it there undergoes certain alterar 
tions, and is converted into another Quid, 
called the auccus proprhts, or peculiar 
juice; which, like the blood in animals, 
is alterwards employed in forming the 
various substances found in plants. The 
leaves may therefore be considered as 
the digesting organs of plants, and as 
equivalent in some measure to the sto- 
mach and lungs of animals. The leaves 
consequently are not mere ornaments; 
they are the most important parts of the 
plant. Accordingly we find, that when- 
ever we strip a plant of its leaves, we 
strip it entirely of its vegetating powers 
till new leaves are formed ; for when the 
leaves of plants are destroyed by insects, 
they vegetate no longer, and their fruit 
never makes any further progress in ri- 
pening, but decays and dries up. 

Leaves on one side draw nutriment 
from the £ur, and perspire on the other ; 
for plants, as well as animals, perspire, 
and, in both eases, this function is essen- 
tial to health* The quantity they per- 
spire varies, - according to the extent of 
the surface from which it is emitted, the 
Q3 



temperature of the air, the dme of 4be 
day, and the humidity of the atmosphere.' 
Leaves form the greatest part of the sur- 
face, and it is found that the quantity of- 
these very materially affect the quantity of 
, perspiration ; and this process is increas- 
ed or diminished, chiefly, in proportitHi 
to the increase or diminutioQ of the fo- 
liage of vegetables. The degree of heat 
in which the plant is kept also varies the 
quantity of matter perspired ; this being 
greater, in proportion to the greater heat 
of tile surrounding atmosphere. The 
degree of light has likewise considerable 
Jnfiuence in this respect ; for plants unt' 
formly perspire most in the forenoon, 
though the temperature of the air, in 
, which they are placed, should be unvari- 
ed. A plant also exposed to the rays of 
the sun, has its perspiration increased to 
a much greater degree than if tt had 
been jeiposed to the same heat under the 
ajjade. Finally, the perspiration of veg- 
etables is increased fn proportion as the 
atmosphere is dry, or, in ^ther words, 
diminished in proportion^as the atmos- 
phere is humid. The more vigorous 
and healthy the plant, the more copious 
the perspiration ; this function, like the 
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rest, depending much onthe vital ener- 
ei^. Excessive gerspifation seems tO' 
hurt, and even sometimes to destroy, veg- 
etables ; defective perspiration is equal- 
h* injurious. It is also found, thnt this 
Junction is performed, chiefly, if not al- 
together, by the leaves and young shoots. 
That it may be properly carried on, all 
leaves are deciduous ; in those trees cal- 
led ever-greens^ there being a constant 
succession of leaves, to prevent the or- 
gan of perspiration from becoming rigid. 

A quantity qf moisture is absorbed by 
plants, when exposed to a humid atmos- 
phere. This absorption, as well as the 
perspiration, is performed by the leaves; 
but in what manner has not yet been as- 
certained. Experiments made by M. 
Guettard shew, that perspiration is more 
considerable from the upper, than from 
the under, surface of the leaves. 

Plants in general are known to receive 
and transpire more, in equal time, than 
large acimals. It has been found by ac- 
' curate calculation, and repeated experi- 
ments, that %plant of the sun-flower re- 
ceives and perspires in twenty-four houn; 
seventeen times more than a man. 



Some botaDists have conceived that - 
phiats^ a» well' as animals, have a regular 
circulatibn of their fluids. Others think 
^is very improbable. On both sides, 
recourse has been had to experiments, 
and from these conclusions perfectly op- 
posite have been deduced; so that no 
certain conclusion can be drawn on this 
head. 

Light has great effect on vegetation. 
Plants that grow in the shade,or in dark- 
ness, are pale, and without colour ; and 
the, more they are exposed to the light, 
the more colour they acquire. 

Vegetables are not onfy indebted to 
light for their colour ; their taste and 
odour are derived from the same source. , 
Hence it happens that hot climates are 
the native countries of perfumes, odori- 
ferous fruits, and aromatic resins. 

The action of light on the organs of 
plants, causes them to pour out streams 
of pure air from the sur&ces of their 
leaves, while exposed to the sun ; where- 
as, on the contrary, when in the shade, 
and at night,. they emit air .of a noxious 
.quality. 

The various secretions of vegetables. 
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as of odour, &uit, gum, resin, wax, hon- 
ey, &c. seem brought about in the same 
manner as in the glands of animals ; the 
tasteless moisture of the earth is convert- 
ed by the hop-plant into a bitter juice ; 
as by the caterpillar in the nutshell the 
sweet kernel is converted into a bitter 
powder'; While the power of absorption 
m the roots and barks of vegetables is 
excited into action by the fluids applied 
to their mouths like the lacteals and lym- 
phatics of animals. 

The individuals of the veget^le world 
may be considered as inferior or less 
perfect animals ; a tree is a congeries of 
many living budi, and in this respect re- 
sembles the branches of coralline, which 
are a congeries of a multitude of ani- 
mals. Each of these buds of a tree has 
its proper leaves or petals for lungs, pro- 
duces its viviparous or its oviparous off- 
spring in buds or seeds ; has its own 
roots, which extending down the stem of 
the tree are interwoven with the roots of 
the other buds, and form the bark, which 
is the only living part of the stem, is an- 
nually renewed, and is superinduced up- 
on the former bark, which then dies, and 
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with its stagnated juices gradually hard- 
ening into wood forms the concentric 
circles, which we see in blocks of timber, 
which annual rings serve as natural marks 
to distinguish the age of trees. 
' The botanist follows nature into her 
most retired abodes, and views her in 
her simple state, and native majesty. 
He remarks some of her productions dis- 
figured by cultivation in gardens, where 
»mid all the varieties of the apple and 
the pear, however distinguished by their 
colour, size and taste, he observes, that 
there is but one original species of each, 
and that they have respectively but one 
radical character. He beholds the won- 
derful prodigality of nature, even in the 
composiuon of the common daisy, which 
consists of more than two hundred flow- 
ers, each including its respective corolla, 
germ, pistil, stamina, and seed, as per- 
fectly lormed as those of a complete lily, 
or hyacinth. And he sees this diversity 
ss fuHy illustrated in the different sorts 
of grass, a term which, although it com- 
monly conveys only one notion to the vul- 
gar mind, and one object to the undis- 
ccming eye, consists of five hundred dif- 
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ierent species, each formed with infinite 
beauty and variety. Fronn others he par- 
ticularly distinguishes the elegant briza 
media, so common in the fields, and so 
remarkable for its delicate hair-like sten^ 
trembling at every breeze ; the antkoxan* 
thum odoratum, which gives its fragrance 
to the new-mown hay j and the stipa 
pennata with its waving plumes resem- 
bling the feathers of the bird of paradise* 
The botanist enjoys a pleasing and inno- 
cent amusement, most agreeably com* 
bined with a love of rural retirement, 
and which gives a new and grow ing inter* 
est to «very walk and ride, in the most 
delightful season of the year. Indeed 
man cannot contemplate the vegetable 
creation without recalling the idea of 
beauty, sweetness, and a thousand charms 
that captivate the senses. The perfume 
of the rose and the stalely magnificence 
of the forest successively catch his atten- 
tion and delight him. 

The number of species ofdants alrea- 
dy known is about twenty -fivelhousand ; 
and botanists suppose that double that 
number, at least, remain to be discovered. 

The different vegetable productions are 
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"no less useful than numerous. The JHir^ 
poses towhich the trees of Britain are ap"^ 
plied are well knowo, from the flexible 
willow, which forms the basket, to the 
hardy oak, which composes the most sub- 
stantial parts of a ship of war, guards the 
British islands from foreign invasion, and 
displays to the mostremote countries the 
greatness of our maritime power. All 
possess different qualities, adapted to 
their different purposes. The meanest, 
and in their appearance the most unplea- 
sant, have their use ; even the thistle is 
not only the food of some animals, but is 
serviceable in making glass. There ia 
scarcely a plant which although rejected 
as food by some animals is not eagerly- 
sought by others. The horse yields the 
common water hemloclc to the goat, and 
the cow the long-leafed water hemlock to 
the sheep. The goat again leaves the 
aconite; or bane-berries to the horse. 
The euphorbia or spurge, so noxious to 
man, is gr^dily devoured by some of the 
insect tribes. The aloe is a magazine of 
provisions and of implements to the In- 
dians who inhabit the banks of the Ohio 
and the Miasisippi. Some plants, as 



rliubarb and opium, alleviate the tortureA 
of piun i and some, as the quinquina, or 
Peruvian bark, can subdue the rage of the 
burning fever. Wheat, the delicious apd ■ 
prolific grain which gives to th^ inhabi- 
tants of the northern world their whole- 
some nutriment, grows in almost every 
climate. Where excessive heat or other 
causes prevent it from coming to perfec- 
tion^ its place is amply supplied by the 
bread-fruit, the cassavi-root and maize, 
and more particularly by rice, which ia the 
common aliment of that great portion of 
mankind who inhabit the warm regions 
of the earth. Every meadow in the ver- 
. Dal season brings forth various kinds of 
grass ; and this spontaneous and most 
abundant of all vegetable productioris re- 
quires only the labour of the husbandman 
to collect its harvest. The iron-wood, 
solid as marble, furnishes the Otaheitean 
with his long spear and massy club. The ■ 
wild pine of C^mpeachy retains the rain- 
water in its deep and capacious leaves not 
less for the refreshment of the tree itself, 
than of the thirsty native of a burning 
soil. The cocoa of the East and West 
Indies anwers many of the most useful 
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purposes oFI'ife to the natives of -a warm 
climate. Its bark is manufactured into 
cordage and clothing, and its shell into 
useful vessels ; its kernel affords a pleas- 
ant and nutritive food, and its milk a cool- 
ing beverage ; its leaves are used for cov- 
ering houses, and are worked into bas- 
kets i and its boughs are of service to 
make props and rafters. The rein-deer 
of the Laplander, so essendid to his sup- 
port and aubsifltence, could not survive 
through the tedious winter, without the 
lichen rangiferinus, which he digs fronri 
beneath the snow. On the bleak moun- 
tains of the north, the pine, the fir, the ce- 
dar, and man of the resinous trees grow, 
whjch shelter many from the snows bv 
the closeness of their foliage, and furnish 
him in winter with torches and fael for his 
fire-siile. The leaves of those evergreen 
trees are filliform, and thus are adapted to 
reiVerberating the heat, and resisting the 
violent winds which beat on elevated siOi- 
ations. ^tl these productious, and the 
various trees which produce cork and 
emit rosin, turpentine, pitch, gums, and 
balsam, either supply some constant ne- 
cessity, obviate some inco&venieiice,^or 



contribute to some use or gratiGcation of 
the nativ(;3 of the soils where they grow, 
oi of the iohabitanta of distant climates. 



CHAP. XL 
Of Animals. 

WE are now come to comider the last; 
the noblest and the most beautiful part of 
the creation : the creatures for whom thi& 
earth seems to have been entirely form- 
ed, and for whose repast or use the whole 
of its unintelligent productions appear to 
, have been brought forth ; these are the 
animated tenants of our gloI>e. 

When we compare animals and vegeta- 
bles together, each in their most perfect 
State, nothing can be easier than to dis- 
tinguish them. The plant is confined to 
a particular spot, and exhibits no marks 
of consciousness or intelligence ; the ani- 
mal, on the contrary, can remove at plea- 
sure from one place to another, is posses- 
sed of consciousness, and a high degree 
of intelligence. But on approaching the 
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eontiguous extremities of the aniioal and 
vegetable kingdom, these striking differ- 
ences gradually disappear, the objects ac- 
quire » greater degree of reseoiblance, 
^td at last approach each other so near- 
ly, (hat it is scarcely passible to decide 
whether some of those species which are 
sicuitted on the very boundary, belong to 
the animal or vegetable kingdom. In- 
deed we find the vegetable, animal, and 
Biineral kingdoms so closely connected, 
like the links of a chain, that there is no 
possibility of finding a disjunction in any 
part, nor saying with precision where the 
CHie ends and the other begins, so nearly 
do they approach each other in the ex- 
tremes of each class. 

The term animal, in a general sense, 
js applied to every thing that is supposed 
to be alive to the sensations of pain and 
pleasure. Under the name of animal, 
therefore, are included men, quadrupeds, 
birds, fishes, reptiles, and insects. Ani- 
mal literally means a living- thing ; but 
plants live. Linnxus has formed a cli- 
max of the grand departments of crea- 
tion. Stones grow ; vegetables grow and 
live ; animals grow, live, and feeU 
R2 
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Various are the corporeal fonns, and 
great are thS pecuii antics of org;anizatioa 
of the different animals which iohabttthe 
globe; and equally various are their in- 
tellectual powers; beginning with oian, 
who forms the highest link in the chain, 
and descending by an almost impercepti-' 
ble diminution of mental powers, through 
an innumerable series of existences; aad 
ending at last in mere animation aloncy 
with a seeming privation of all mental 
perception whatever. 

As an animal, man is strikingly dis- 
tinguishable from the rest of the crea- 
tures of the earth, on account of the in- 
genuity with which he employs the pro- 
ductions of nature for his accommoda- 
tion and comfort. He is also particular- 
ly distinguishable by the originality, of 
his ideas. Instincts, in common with 
tirutes, make up a part of his character; 
but he is principally the creature of ex- 
perience and reflection. When an infant 
comes into the world it is the most help- 
less of all creatures j no danger alarms 
it, nor can it make the sm^lest effort to 
preserve itself. A tiger may approach 
it without occasiouing terror ; nor would 
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it attempt to screen itself when the lion'a 
niQuth is opened to devour iti The voice 
of the mother is not understood for ma- 
ny weeks ; and it is but'by slow degrees 
that it acquires knowledge,in consequence 
of the gradual developement of its rea-, 
soning faculties; but as its progress iS' 
more slow, so its ultimate attainments 
are proportionally greater than that of 
other animals. The chicken, within the 
first eight days of its life, seems to have 
made nearly the whole mental acquire- 
ments it is ever capable of attaining ; but 
no period of human life can be assigned 
when the mental progress of man is at j^ 
stand. Man alone is able to form an idea 
of an abstract proposition or to reason 
about distant occurrences. He alone can 
reason from consequences to remote 
causes, and can from the creature trace 
an idea of the Creator. A sense of reli- 
gion, theo,i8 the characteristic peculiarity 
'which decisively marks a separation be- 
tween man and all other animab. 

But as the understanding of man and 
the structure of his frame will occupy the 
following chapters, we will in this con- 
fine ourselves to a view of the other parts 
of animated nature • 



204 Jitimah. 

Animala, like vcget^les, differ in their 
tazcs and powers, with respect to the 
places of their growth. Those produc- 
ed in a di^' sunny soil, are strong and vi- 
gorous, though not luxuriant : those again 
produced iu a warm and moist cUmiito 
arc luxuriant and lender, and much lar- 
ger than those produced in other coun- 
tries ; as in the internal parts of South 
^A-merica and Africa, particularly in the 
former place, where the earth worm is 
hear a jard long, and an inch thick ; the 
Serpents sometimes forty feet in length ; 
the Bats as large as Rabbits ; Toads big- 
ger than Ducks ; and the Spider equal in 
size to the English Sparrow. But in the 
frozen regions of the north, animals arc 
scarce ; and what few there are, except 
the Bear, are not above half the siae of 
those in the temperate zone. 

Animals are also found to vary consid' 
erably accordingto their food or climate t 
and there are but few of the animal 
kingdom, (and these are they that are 
the most useful) which arc found capa- 
ble of attending man in hia perpgrina- 
lions over the globe. In uncultivated 
nature, the animal kingdom exceeds the 
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vegetable ; but, in a sute of improvc- 
ment, the interest of man so directs it, 
that the vegetable kingdom should gain 
the ascendancy ; for on a review of the 
animal and vegetable 'world, we find but 
few animals, which are intrinsically ser- 
viceable to man ; while oo the other hand, 
numbers of them are noxious to his food, 
and inveterate enemies to his interest.— 
Bui among the vegetable world, very few 
are noiious ; and the greater part of 
them yield either food, medicine, or some 
Other valuable article. Therefore, it al- 
ways has, and will remain to be, the in- 
terest of man, to diminish the number of 
animals, and increase that of vegetables ; 
. and in assistance to his endeavours, pro- 
vidence has wisely ordered it, that one 
animal shall subsist on another ; for were 
they to live entirely on vegetables, myri- 
ads would soon become extinct, for want 
of support. 

The number of animals, which are im- 
mediately serviceable to man, (exclusive 
of the smaller, -among the birds and fish- 
es, which serve for food) does not extend 
to one hundred ; while, we are acquaint- 
ed with no less than twenty thousand ; 
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and even this great number, comprer 
bends but a sm^iil portion of animated na- 
ture. Not only the earth, air, and sea, 
teem with myriads of living creature^ 
but almost every vegetable, and each sin- 
gle leaf, is covered with an endless num- 
ber of inhabitants, whose various forms 
and properties have afforded matter of 
astonishment to the microscopic obser> 
ver. 

Animals arc nourished by food, taken 
iu at the mouth, digested in the stomach, 
and thence, by fit vessels, distri!}ut<.-d 
over the whole body ; but of the process 
by which the various vegetable produc- 
tions, which form the food of alarge por- 
tion of animals, is converted into part of 
the animal, we are totally ignorant. That 
this change does take place we know, 
but in what manner we know not any 
more than the animals themselves do, 
whose natural organs perform, unknown 
to them, the functions that are necessary 
forproducing these changes. 

The greatest part of animals have five 
senses, viz. seeing, hearing, smelling, 
tasting, and feeling. These, and the way 
of Dourishment of animals, we shall more 
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particularly consider, as they are com' 
mon to maa with beasts, in the following 
chapter. 

Animals are generally divided into 
male and female, and some are both male 
and female, and are called hermaphro- 
dites, as the earth worm and some others. 
With regard to their manner of propa- 
gation, they are divided into oviparous^ 
bringing forth eggs -, and viviparousy 
bringing forth their young alive, 

Linnfeus divides animals, according to 
their imemal structures. Some have the 
heart with two ventricles, and hot, red 
blood :— viz. Quadrupeds and Birds ; 
others have the heart with one ventricle, 
and cold, red blood, viz. Amphibia and 
Fishes ; th^ former being furnished with 
lungs, and the Fishes with gills. Some 
Have the heart with one ventricle, and 
cold, white serum, viz. Insects and 
Worms; the furmer being furnished 
with feelers, and the latter with holders* 
All quadrupeds, which have teats, are 
distinguished by their teeth. These 
form the following seven orders ; the 
Primates or Principals, which have four 
cutting teeth in each jaw ; the Brutee or 
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Brutes, which have no cutting teeth ; the 
Ferae or Wild Beasts, which havesix cut- 
ting teeth in each jaw j the Glires, or 
Dormice, which have two cutting teeth 
both above and below ; the Pecora, or 
Cattle, which have no cutting teeth above, 
and six or eight below ; the Beilufe, or 
Beasts, properly so called, which have the 
fore teeth blunt; and the Cetse, or those 
of the Whale kind, which have cartilagi- 
nous teeth. This is the brief outline of 
this celebrated Naturalist's arrangement, 
the names of the different animals, and 
their respective classes, occupying no 
leas than two large octavo volumes ; but 
the natural division of animated nature, is 
universally allowed to be the five follow- 
ing classes ; Quadrupeds, Birds, Fishes, 
Insects, and Amphibious Animals f thq' 
it must be confessed that this distribution 
is not exactly defined by nature.; as there 
are many animals whose form and quali- 
ties render it difficult to reduce them to 
any one of these classes. 

I. ^adrvpeds. Quadrupeds are a large 
and useful class of animals, whose gener- 
ic characters are these ; their bodies are 
covered with hair ; they have four feet ; 
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fhey are viviparous; and the females 
suckle their young. 

Quadrupeds are the most important 
creatures to man, and deserve his atten- 
tion more than the inhabitants of either 
the air, or the water. They inhabit the ■ 
same soil with man; and among them are 
found beings possessing a greater share 
of instinct than the inhabitants of either 
air or water ; they breathe through their 
lungs, like the human species ; tike these- 
they are viviparous ; they have also warm 
red blood circulating through their veins ; 
and, however mortifying the reflection to 
human pride, many of them, both in their 
internal and external form, bear a strong 
resemblance to man ; the interior struc- 
ture of some of the ape kind, so nearly 
resembles thai of the human kind, that 
anatomists can scarcely discover where 
the peculiarity exists. 

Though the characters of Quadrupeds 
are so obvious, yet as all the parts of na- 
ture are united together, to form one 
grand whole ; there are several species, 
which seem to be of an equivocal na- 
ture, and which form the links, uniting 
different animals together ; as the Bat 
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and Porcupine, the former of vhicb pos- 
sesses wings, and the latter quills, like 
JBirds ; the Armadillo is covered with a 
hard shell, by which it aeems to partake 
of the nature of Insects, or Snails ; and 
the Seal and the Morse, though evidently 
of the quadruped kind, are fnniished with 
fins, and reside ^most const^itly in the 
water. 

Quadrupeds, like aH other animals^ 
are wisely adapted by Providence to 
their respective situations and natures. 
Those which turn op the ground in pur- 
suit of their food, have sharp snouts ; 
others, which require a keener scent, as 
dogs, particularly those of the chase, have 
long noses, whereby the olfactory nerves 
are more perfect : while others, of a ra- 
pacious nature, have short thick mses, 
whereby their jaws have a greater mus- 
cular power, as those of the Lion ; and 
all granivorous animals have a strong' 
tendinous ligament, extending front the 
head to the middle of the back, to ena- 
ble them to hold down their heads to 
the ground ; the fore teeth of these ani- 
mals are also edged, for the purpose oi 
cutting their food ,- but those of carai- 
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rather as weapons of defence, In both, 
however, the surfaces qF die grmding; 
teeth are unequal and jagged, locking in- 
to each other when the jaws are brought 
into contact. The stomach of carnivo- 
rous animdis ia also small and glandular ; 
and affords xuch juices as are best adap- 
ted to digest and macerate its contents; 
but those animals which subsist on i 
vegetable diel, have four stomachs ; all 
vhich serve as so many lafaM^tori^, to 
prepare the food for tbe nourishment of 
the body ; and, in general, granivorous 
animals, whose food is easil)' procured, 
have large capacious stomachs, and ca- 
psule of great dilation ; whereas carni- 
vorous creatures have the stomach more 
contracted, and the intestines curtailed, 
whereby they are enabled to subsist for 
a longer time without food. Strong 
large animals, which are neither formed 
far pursuit nor flight, as the Elephant, 
Rhinoceros, Sea-Horse, Sec. have thick 
massy legs, to support their unweildy bo- 
dies. While Peers, Hares, and other 
creatures, whose safety depends on flight, 
and who arc beset by numberless ene- 
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mies, hftve long, slender, but muscular 
legs. Those formed for a life of rapa- 
city have their feet armed with sharp 
claws, which in some epeues are retrac- 
tile, as those of the Cat; and, on the 
contrary, peaceful animals are general^ 
furnished with hoofs, which often serve 
as weapons of defence ; and the feet ot 
those which subsist on fish, hare mv&- 
branes betwen the toes, the better -to 
enable them to pursue their prey in the 
watery element. 

The larger species of Quadrupeds are, 
in general, the most harmless and inoi* 
fensive ; and, as if sensible of their own 
innocence, they possess the most courage ; 
while the more rapacious animals are in- 
iierior to those in size, and xtso in cour- 
age ; and, except the Dog, there is no 
carnivorous quadruped, that will voluU' 
tarily attack another animal, when the 
odds is against him. Thus nature has 
furnished the most inoffensive animals 
with superior size and strength; and op- 
posed to them the carnivorous kinds, 
which possess more cunning and agiHty, 
whereby an equilibrium is preseved b«- 
fn^een the number^ of the different kinds. 



Animait. 3t3 

- The carnivorous animals are, in geiir 
cral, confined to their retreats during the 
day, and commit their depredations by 
night ,- when the forest resounds with the 
tremendous roar of the Lion, the hidb- 
oufi yell of the Tiger ; the barking of the 
Jaclial; the dismal cry of the liyiena; 
and the hissing of the Serpent. Most 
of these kinds of animals take their prey 
by surprise from some ambush, where 
they lay in wait, more than by a regular 
pursuit. There are some, however, which 
pursue in companies, mutually encoura- 
ging each other by theircries, as the Jack- 
al, Syagush, Wolf, and Oog. Carnivorous 
animals will sometimes devour the lesser 
rapacious species ; but they generally pre- 
fer the fleshofgranivorous creatures, and 
commit their devastations among the 
peaceful domestic flocks and herds.— The 
most defenceless creatures have different 
methods of providing for their safety. 
Some find protectign in the holes they 
form in the earth ; others are enabled to 
escape their pursuers by flight ; others 
again unite for their mutual defence, and 
gain, by numbers, what they want indivi- 
dually in strength ; and, lastly, others 
S2 
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avoid their enemies, by placing some of 
their own company as centinels, to want 
them of the {irst approach of daDg;er ; a 
duty in which they are seldom negligent, 
and for the neglect of which they are in- 
variably punished by the rest. 

II. Birds. — Birds, next to quadrupeds- 
seem to demand our attention. The 
generic characters of this class of animals 
are these ; the body is covered with fea- 
thers, and furnished with two legs, two 
wings, aad a hard homy bill ; and the fe- 
males are oviparous- 
Birds are infinitely more numerous m 
their different kinds than quadrupeds.; 
but still less so than Fishes. They seem 
designed by providence for a solitary life; 
and though inferior to thebrute creation 
in the powers of attack and defence, they 
posst^sa a greater faculty of escape; and the 
^eacer part of them immediately elude 
their enemies of the quadruped and rep- 
tile nature, by an aerjal escape ; for which 
' all parts of their bodies seem admirably 
adapted ; the external form of the body 
being sharp before ; swelling gradually, 
and terininating in a large spreading tail, 
which renders it buoyant, while the for^ 
part cleaves the air. 
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The clothing of these animals is exactly 
miired to their manner'of life. The feath- 
ers all tend backwards, and neatly and 
closely fold over each other, which answer 
the triple purposes of warmth, speed and 
necurity. Those placed next the skin are 
furnished with a warm soft down ; while 
the exterior ones are arrayed with double 
beards, longer at one end than the other, 
and which consist of thin little laminx, 
disposed in regular lines, and perfectly 
even at their edges. The shaft of each 
feather is formed of a thin hollow tube, 
which answers the purposes of strength 
and lightness ; the Upper part being filled 
with a soft pith, to afford nourishment 
to the beards. They are so placed, that 
the largest and strongest, or those of the 
wrings and tul, have the greatest share of 
duty to perform in flight. The upper 
external side of each single tilanlent, ib 
the beard of the feather, is furnished with 
hairs on its edges, which lock into those 
of the aext filament, and thus form an en- 
tire, but light, smooth surface. Birds are 
also furnished with certain glands upon' 
their rumps, which contain a quantity of 
i)il, which they press oiit with their beaks, 
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and rub over their feathers; io order .to 
smooth^hcm, aod enable them to turn off 
Ae water. Aquatic Birds, asthe'Duck, 
Goose, E?'c. have a greater quantity of this 
oil; but those who live principally under 
cover, and seldom expand their wings, 
have a less proportion of jt ; as the com- 
mon Hen, whose feathers are impervious 
to every shower of rain. 

Birds possess a perfection of sight Jar 
superior to that of either man or brute, 
which is necessary for their safety and 
support. Were it less perfect, Birds of 
rapid flight would strike against every ob- 
ject in their way ; and be unable to disco- 
ver their proper food at a distance. The 
Kite darts on its prey, from the greatest 
heights to which it ascends; and the Haivk 
will discover a Lark, at a distance too 
greiU for human perception. 

Aquatic Birds have webbed feet, or 
membranes between their toes, to assist 
them in swimming; other Birds have their,,, 
toes disjoined, the better to enable them 
to catch their prey, or cling to the branch- 
es of tret:s. Birds, with long tegs, have 
also long necks, to enable them to pick up 
their food ; but some Aquatic Birds^ as 
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the Swan and Goose, have long necks and 
fihon lege- * 

Birds are destitute of urinary bladders 
yet they have large kidtieys and ureters, 
by which the secretion of urine is perfor- 
med, and then carried away with the oth- 
er excrements, iu one commdn canal ; by 
which means they are lesa obnoxious to 
diseases than quadrupeds, who drink much 
and have a separate passage for the ejec- 
tion of the fluid excrement. 

The greater number of Birds pair at the 
approach of spring ; and the compact en- 
tered into is inviolably observed, for that 
season at least; but some species enter 
into this connection for years, and even 
for life. 

All Birds are oviparous, and the Hens 
oFsome species will lay eggs though they 
be not accompanied by the Male ; as the 
common domestic Hen ; but eggs of this 
kind arc always sterile, never producing a 
live animal. Every bird builds its nest in 
auch a manner, and with such materials^ 
as best to answer its own purpose and sit- 
uation ; thus the Wren, which lays a great 
number of eggs, requires a very warm 
nest ; aa her body is not sufficiency large to 
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cover the whole of them;but the Crow and 
Eagle are less solicitous in the warmth of 
their nest, as the small number of eggs 
they lay, and largeness and heat of their 
bodies, aiFord the eggs sufficient warmth. 
The same Bird also, when in a cold cU- 
mate, lines its nest with more care and 
warmer materials than in a warmer di- 
mate. The male likewise of most birds, 
during the season of incubation, supjdies 
the place of the female, in her absence, 
from the eggs ; and supplies her with 
food during the time of her sitting. 

Those birds which are hatched early 
in the season, always prove more vigo-' 
rous and strong, than such as have bees 
delayed till the middle of summer. The 
number of eggs, which a bird will lay, 
is not exactly ascertained ; but it is we9 
known, that a female Bird, which would 
have lain but two or three eggs at most, 
will, on hereggs being removed, lay above 
ten or a dozen. A common Hen-, if pro- 
perly fed, will produce above a hundred 
eggs, from the beginning of spring to the 
end of Autumn. Nature has wisely or- 
dered it, that the Smallest and weakesct 
birds ; and in general, all those which are 
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most serviceable to man, are tbe most 
prolific : while the strong and rapacious 
kinds are marked with sterility. 
- Birds are in all countries, longer lived 
than the brute creation ; the Linnet will 
often live fourteen or fifteen yeais ; the 
Bulihnch twenty; the Goose fourscore ; 
while Swans, Eagles, and some others, 
have been knowntoUvejwOjOreven three 
hundred years. 

Thenumberof species of Birds, whidi 
mankind has rendered domestic, are but 
few, as the Peacock, Turkey, common 
Hen, Guinea-Hen, Pigeon, Swan, Goose, 
Buck, and Guinea-Duck, being only nine, 
while the number of all ^he species known 
exceed fifteen hundred. 

III. Amphibious ammah are all those 
who are capable of living either on land 
or in the water. They are furnished with 
lungs and air bladders, adequate to this 
purpose. Such are the Frog, Castor, 
Otter, Tortoise, Sea-Calf, Alligator, &c. 
, Numbers of insects, particularly of the 
. Fly kind, appear to be amphibious; Gnats 
always drop their eggs in waSer, where 
the young are hatched, and live after the 
atanner of fisjies ; till at leogth they un- 
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dergo a metamorphosis, take wing, quit 
their natural element, and become iohi^it- 
ants of the air. 

IV. /'MAej.—Fi&hes are a class of crea- 
tures that appear, both in structure and 
sagacity quite inferior to other aoimals ; 
though capable of enduring famine an 
amazing length of time, they appear 
. most voracious creatures ; a ceaseless 
desire for food seema^he ruling impulse . 
of their actions { and their life one con- 
tinued scene of violence or evasion. 

Most fiahes present the same external 
form ; sharp at both ends, and bulk^ in 
the middle ;' which shape is most conve- 
nient for their passage through the wa- 
tery element. Mankind have imitated 
this form, in the construction of their 
marine vessels ; but the progress of such 
machines is far inferior to that of fishes ; 
any of which, will, with ease, outstrip a 
ship in full sail ; play around it, loiter 
behind, and overtake it. 

The instruments of motion in these 
animals are the fins ; of which the gener- 
al complement is two pair, and three sin- 
gle fins ; though some fish possess more, 
and many leas than this number. The 
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pectoral fins, are placed st some distance 
behind the opening of the gills ; and are 
generally strong and large ; answering 
the same purpose, to a Rsh, as wings do 
to a bird in the air; namely, pushing 
the body forward, like the oars to a boat> 
They also serve to balance the body of 
the fish, and prevent the head from sink- 
ing, which it would otherwise do. The 
ventral fins are placed under the belly, 
towards the lower part of the body ; 
these are always extended flat on the 
water, in all situations; and serve to 
raise or depress the body of the animal, 
rather than assist his progression. The 
dbrsal fin, is situated along the ridge of 
the back j and serves to keep the fish in 
equilibrium, and also assists it iti its velo- 
city. This fin is very large, in all the 
flat Ssh; the pectoral fins of which are 
proportionably less. The anal fin, ex- 
tends from the anus to the tail, aiid serves 
to keep the body of the animal upright, 
or in a vertical direction. In some fish- 
es, as before observed, the tail is hori- 
zontal, and in others perpendicular.— 
Thus equipped, these animals have the 
mast rapid motions ; and perform voy- 
T 
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ages, bf upwards a tboiuand teagues ia 
one season. 

Fish are also furnished with a slimy 
glutinous matter, which overspreads the 
whole body, and defends them from the 
corossive quality of the water. Beneath 
this natter, some have a strong covering 
of scales, which, like a coat of ariDour, 
protects the body from injuries. Be- 
neath which, again, there isan oily subr 
stance, which supplies the animal with 
the necessary warmth and vigour. 

Fishes possess most of the senses in 
an inferior degree to land animals.—' 
Their sense of smelling, (though furnish- 
ed with nostrils) is less perfect, than in 
the other parts of animated nature, 
as must be evident from the nature of the 
fluid they inhabit ; this sense in them 
can only act, from the action of the fluid, 
tinctured with the odour of the object, 
upon the olfactory nerves within, in the 
same manner as the palates of other an- 
imals discover tastes. Their sense of 
taste must also be very imperfect ; their 
palate being of a hard bony nature i 
whereas, in quadrupeds who possess 
this sense in an exquisite degree, this 
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brgari is very soft and pliant. From 
this indiscrimination, fish will frequent- 
ly swallow the plummet, as well as the 
bait. "Their sense of hearing is still 
more defective, if they possess this facul- 
ty at all, as is evident from the frequent 
experiments which have been made. 
No fish, except the whale kind, have the 
least appearance, on dissection, of any 
auditory organs. Their sense of sight, 
is however somewhat more perfect, 
though inferior to that of most other an- 
imals. They are totally destittfte of 
eyelids ; the eyes being covered with 
the same skin that overspreads the rest 
of the body. 

■ The period to which fishes live, is ve- 
ry little known, though it is generally 
believed they attain to a conaiJerable 
age; some of the least exceed in their 
age that of a man. The method t||F dis- 
covering their ages, is either by examin- 
ing the transverse coverings of their 
scales, by means of a microscope ; or by 
the transverse section of the back bone. 
BufFon found a carp which by the former 
method of computation appeared to be 
» hundred years old, allowing one year 
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far every coveriog of the scales ; the 
Sk£^, and Ray, like other fish which 
have no scales, have their ages discover- 
ed, by se^ierating the joints of the back 
fcoae, and then examining the number of 
rings which the surface exhibited where 
it was joined, allowing one year for each 
ring. Little can be said in favour of the 
certainty' of either of these methods ; 
they however, though not infallible cri- 
terions, enable us to malte anear appros> 
imation to the truth. 

The greatest singularity in fishes, it 
their amazing fecundity. Some are vi- 
viparous, and others oviparous ; the lat- 
ter produce. their young, or rather their 
eggs, in far greater abundance tha^ the 
former ; but at the same time they are 
more subject to become the prey of oth- 
er hsh, and even of their own species, 
not excepting the parent itself which ex- 
cluded them, white they continue in 
their egg state ; consequently but very 
few of these eggs produce live animals, 
though produced in such considerable 
numbers. A single Cod will produce 
above nine million of eggs in one sea-> 
son ; and many other fish have as pro- 
portionable an increase. 
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V. /«a«:W.— Insects and animals of 
the worm kind, seem to form the lowest 
order among the various tribes of living 
creatures which inhabit our globe. The 
distinguishing characters of insects are, 
that their bodies are covered with a sort 
of bony substance instead of skin ; and 
. their iieads furnished with antennse or 
horns. An insect, may more particular- 
ly be dtfined a small animal without red 
blood, (this matter being white and cold) 
bones, or cartilages ; furnished with a 
trunk, or else si mouth, which opens 
length ways, contrary to the natural or- 
der ; the eyes destitute of covering ; and 
lungs opening on the sides of the body. 
This definition will comprehend the 
whole class of insects of every descrip- 
tion. This class of beings issonumerous, 
and so various, as to exceed the most 
accurate and unwearied observations. — 
To give the different species of only flies 
and moths, would be a fruitless attempt ; 
but to give the history of every species 
of insect would be utterly impracticable ; 
ao varied are they in their forms, sizes, 
habitudes, methods of propagation, and 
s and duration of life. A gener- 
T2 
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al division of them, however, aceordiiig 
to tltfir most apparent external differ- 
ences of form, may be attempted. 

The first class of these beings, which 
present themselves to our observation, 
appear to be those which are destitute of 
tvings, and are seen crawling about on 
every plant and spot of earth. Some of 
these never acquire wings, but continue 
in this reptile state during their whole 
lives. These are all oviparous, except 
the Fleaand the Wood- Louse; and pro- 
perly constitute the first division of in* 
sects. Others which hereafter become 
winged insectSjbelonging to the following 
divisions. 

The second grand division of insects, 
are those furnished with wings ; but 
which, when first produced from the 
egg, appear like reptiles, and have their 
wings so cased up, as to he quite con- 
cealed i but when these cases break, the 
wings expandviind the animal acquires 
Its perfect form and beauty. Of this 
nature are the Dragon Fly, the Grass- 
hopper, and the Ear-wig. 

The third order of insects, are those 
of the Moth, and the Butterfly k^od. 
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which have all four wings each, covered 
with a mealy substance of various colours, 
which easily rubs ofif ; and when examin- 
ed by the noicroscope, appears to be ele- 
gant scales. These insects have a pecu- 
liar method of propagation ; they are ovi- 
parous ; and when first hatched from the 
egg, are perfect caterpillars, which often 
shed their skins ; and after having dives- 
ted themselves of thtir skins for the last 
time, assume new coverings called chrys- 
alides, in which state they continue till 
they come forth in their perfect winged 
forms. 

The fourth division include those wing- 
ed insects which originate from Worms, 
and not from Caterpillars like the for- 
mer, though they undergo similar trans- 
formations. Some of these are furnished 
with two, and others with four wings 
each. The wings of animals of this class 
differ from those of the Moth and But- 
terfly kind, in being destitute of those 
scEdes with which these are furnished. 
This class includes all the numerous 
class of Flies, Gnats, Beetles, &c. 

The fifth and last class of insects, con- 
tain those which naturalists have termed 
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Zoophytes ; and arc distinguished by 
their peculiar mode of jiropagation, so 
different from the ordinary course of na- 
ture. They maybe multiplied by dissec- 
tion ; and some of them, tnoagh cut in a 
hundred pieces, will still retain tlie vital 
principle in each separate part ; each part 
shortly becoming a perfect animal ; which 
may again be increased in the same man- 
ner. To this class belong the Polypus, 
the Earth-worm, and all the varieties of 
the Sea Nettle. 

Insects are furnished with all the ne- 
cessary appendages proper to each, for- 
the purposes of defence, of flight, or pro- 
viding for their own subsistence. The 
dificrent parts of their bodies, are also 
constructed with admirable 'skill. The 
eye, for instance, is differently formed 
from that of any other creature : it is ex- 
ternally ri gid, whereby it is not obnoxious 
to many injuries ; the cornea is divided 
in every part into lenticular facets, which, 
vfewed by the microscope, appear like a 
heautifulpieceoflattice-work, each open- 
ing reflecting the rays of light so, that 
when looked through, the object appears 
inverted, and thereby supplies the place of 
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cryatalliiie humour, of which insects ar« 
intirely destitute. Larger animals arc 
obliged to turn their eyes towards the ob- 
jectthey wish to behold,but many insects, 
4B flies, have their eyes so constructed as 
to admit the view of every neighbouring 
object at once. The number of eyes are 
very different in different insects ; some 
have only tme ; others have two ; spiders 
have generally eight; and fiies have a$ 
many as there are perforations in the cor- 
nea, which are very numerous. Most in- 
sects are furnished with two antenna, or 
feelers, which serve to keep their eyes 
plean. Amphibious insects have their feet 
formed of cat joints ; and gristles placed 
on each side of the extremiiy of the limb, 
which supply the place of o^rs, as in the 
Water-Beedea. Insects formed fgr leap- 
ing, as the Cricket and Grasshopper, 
have strong, brawny, muscular legs; while 
those who use their claws in perfdrating 
the earth, have these members admirably 
adapted for this purpose. 

Insects and reptiles, though seemingly 
the most insignificant of animated beings 
have an important part assigned them .to 
perform in this universe. Though the 
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duration of their life be but as a moment 
and their strength, when compared with 
that of the larger animals, as nothing yet 
their power is often irresistible. The 
strongest animal which treads the earth 
is frequently driven to madness by the 
endless irritation theseinaigirificant beings 
produce ; the sun himself is deprived of 
his light by the shading of their wings, 
and every leaf that can g^ve support to an- 
imal life is often swept, at once, away by 
their devouring jaws ; neither has the in- 
genuity of man, which subdues the stron- 
gest, and reclaims the most ferocious an- 
imals, enabled him to devise the means 
of defending himself from the devastation 
of these active invadert of his rights. 
His ■very existence itself, on many occa- 
sions, depends upon his speedily with- 
drawing beyoral the sphere of their ac- 
tive incursions. 

If their power be thus hresistible, their 
utility is not perhaps less conspicuous on 
this ^obe. Man has ever been able, on 
BOme occasions, to make diem become 
subservient to his will. The bee collects 
honey for his use ; the moth, under his 
influence, affords him silk ; the cantharis 
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an tctive drug ; the cochineal iotect tha 
most brilliant of his dyes. Even where 
they are totally beyond his control they 
minister indirectly to his wants. Under 
the form of eggs, maggots, grubs, cater- 
pillars, aurelix, and flies, they furnish food 
to innumerable creatures, who augment 
his comforts in athousand ways. But itis 
as the scavengers of this universe that 
these puny beings become chiefly saluta- 
ryton3aii,andallaniaiatednature. With- 
out their unceasing aid in this respect, 
the air would become quickly tainted with 
the most noxious effluvia^ which would 
soon put an end to animal existence. To 
obviate thi8,the beneficentCreator hath de- 
creed, that a numerous department of this 
class of beings, while in their reptile state, 
shallbeunceasinglyemployed'm searching 
for and devouring every thing that has 
' once lived, and is now tending to decay .- 
' Ugder this state of degradation these 
creatitres are doomed to labour for a time 
with unceasing assiduity : and that no- 
thing might divert their attention from 
this important business, even for one 
moment, the distinctions of sex are with- 
held from them while in this state ; nor 
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does it seem that these have a single per* 
ceptive faculty, unless it be that of stri- 
ving to preserve their existence, and al- 
lay their insatiable appetite for food.-— 
Having, at length, however, with the 
most patient assiduity, performed the 
mental task that was assigned them, they 
are then called, by the bounty of the Cre- 
ator, into another and superior state of 
existence, in which they arc destined to 
perform a part the most opposite which 
can be conceived to that they formerly ac 
ted. The unsightly grub, after a tempo- 
rary death, awakens into new life ; and 
desertingthe clod it lately inhabited, and 
nauseating its former food, sports in the 
sun-beam, and sips the balmy dew ; nor 
does thebutterflyinow arrayed in the most 
gorgeous attire, seem to claim the most 
distant alliance with the ugly caterpillar 
from whence it sprang. The attraction 
of sex seems to form the chief business of 
this period of life ; food is neglected as if 
unnecessary, and its life is devoted to am- 
orous dalliance alone. Having soon pro- 
vided a numerous progency of voracious 
labourers, it leaves this transitory scene, 
to make room for those who are destined 
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to supply its important place in the 
universe. 

The changes and transformations of in- 
sects are first from the ovum (egg) into 
the lama (caterpillar or maggot;) then in- 
to the fmpa (chrysalis) and lastly into the 
imago (&y.') Pa/>a is a name derived from 
the resemblance of the insect in this state 
to an infant in swaddling clothes ; and the 
term isnow used in preference tocAruja/w. 
The period of existence in each of these 
states varies greatly in different species 
of insects ; but in general they continue 
much longer in the reptile state than in 
that of the fly. The species of fly called 
ichneumon remains in the water as a kind 
of worm for the space of about tw? years; 
in its Sy state it seldom continues more 
than one day. The ephemeron is nearly 
the same ; and the grub of the cockchaffer 
remains under ground for about two years 
also ; in its fly state it in gener^ esists 
only about two months. 
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Of the Human Frame. 

MAN is placed at the bead of the 
animal creation. Animated and eslight- 
eued by a ray from tbe Divinity, be sur- 
Basses in dignity every material being. 
He .wa3 made after all other creatures, 
not only as tbe moat perfect, but as the 
eurperintendent and master of all things ; ~ 
created " to rule over the fish in the sea, 
and over the fowl of the air, and over 
cattle, and over the earth, and over every 
creeping thing." 

The body of a well-shaped man ought to 
he squares, the muscles ought to be strong- 
ly marked, the contour of the members 
boldly delineated, and the features of 
the face well defined. In women, all the 
parts are more rounded and softer, th& 
features are more delicate, and tbe com- 
plexion brighter. To man belong strength 
and majesty ; gracefulness and beau^- 
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are the portion of the other sex. — Every 
thing in both sexes points them out as 
sovereigns of the earth ; even the exter- 
nal appearance of man declares his su- 
periority to other living creatures. His 
bead tends towards the heavens, and in 
his august countenance beams the sacred 
ray of sapient reason. He alone sheds 
the tears which arise from emotions of 
sensibility, unknown ta animals ; and he 
alone expresses the gladness of his soul 
by lauf;hter. His erect posture and ma- 
jestic deportment announce his digniw 
and superiority. He touches the earUi 
only with the extremity of his body j 
liis arms and- hands, formed for nobler 
ends than the correspondent organs of - 
quadrupeds, execute the purposes of his 
mind, and bring every thing within his 
teach, which can minister to his wants 
■and his pleasures. By his eyes, which 
reflect the intelligence of thought, and 
the ardour of sentiment, and which" are 
peculiarly the organs of the soul, are ex- 
pressed the. soft and tender, as well as the 
violent and tumultuous passions. They 
are turned, not towards the heavens, but 
to the horizon, so that he may behold at 



S36 Human Frame. 

.once the sky which illuminates, and the 
earth which supports him. Their reach 
extends to the nearest and the most dis- 
tant objects, and glances fram the grains 
of sand at his feet, to the star which shines 
over his head at an immeasurable dis- 
tance. 

The human body consists of solid and 
fluid parts, which in general are catted 
the solids aad fluids, or humours of the 
body. The solid parts are bones, cartil- 
ttffes, ligaments, muscles, tendons, mem- 
hranes, nerves, arteries, veins, ducts, or 
fine tubular vessels of various sorts. Of 
these simple solids the more compound 
organs of life consist, viz. the brain and 
cerebellum ; the lung-s, the stomach, the 
liver, the spleen, the pancreas, the iid- 
Jieys, the glands, the intestines, together 
with the organs of sense, vi?- the eyes^ 
rfi^ ears, the nose, and the tongue. 

The fluid parts of the human body are 
chyle^ blood, saliva or spittle, bile, milk, 
lympha, the semen, xhs pancreatic juice, 
urine, phlegm, serum, and the aqueouw 
humour of the eyes. 

Anatomists have employed much pains 
to the study of the material partof mao. 
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aofl have assigned to each of the above 
parta their appropriate uae in the ecooor 
my of his frame, but none, perhaps have 
given so comprehensive and eloquent a 
description of the structure of man as 
the late Dr. Hunter. " In order" says 
this celebrated anatomist, "to acquire 
a satisfactory general idea of this subject, 
kt us, in imagination, make a man ; in 
other words, let us construct a fabric fit 
for the residence of an intelligent soul. 
This soul is to hold a oorrespondcnce 
with all matenal betngs around her ; and, 
to that end, she must be supplied with 
organs fitted to receive the different kinds 
of impressions which they will make. 
In fact, therefore, we sec that she is pro- 
vided with the organs of sense, as we 
call them: the eye is adapted m , light ; 
the ear to sound ; the nose to smell ; the 
jttoulh to taste ; and the siin to toi^h> 
Farther, she must be furnished with or- - 
gans of communication between ijerself ' 
in the brain and those organs, to give 
her information of all the impressions 
that are made on them ; and she must 
have organs between heraelf in the brain 
and every other part of the body fitted 
U2 
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to convey her commands and iofltieacir 
over the whole. For these purposes, the 
nerves are actually given. They are 
chords which rise from the brain, the 
immediate residence of the mind, and 
disperse themselves in branches through 
all parts of the body. They are intended 
to beoccasionat monitors against all such 
impressions as might endanger the well- 
being of the whole, or of any pai:ticular 
part ; and this vindicates the Creator of 
all things in having actually subjected us 
to those many disagreeable and painful 
sensations which we are exposed to form, 
a thousand accidents in life. Moreover, 
the mind, in this corporeal system, must 
be endued with the power of moving 
from place to place, that she may have 
intercoorse with a variety of objects ; that 
she may fly from such as arc disagreeable, 
dangerous, or hurtful, and pursue such as 
are pleasant and useful to her ; and, uccor- 
dii^^, she is supplied with muscles and 
tendons, the instruments of motion, which 
are found in every part of the fabric where 
motion is necessary ; but, to give firmness 
and shape to the fabric ; to Veep the softer 
parts in their proper place ; to give fi*- 
ed points for, and proper direction to. 
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i^ motions, as well as to protect some of . 
dte more important and tender orgatis 
from external injuries, there must be 
some firm prop-work interwoven through 
rfie whole ; — and, in fact, for such pur- 
poses the bones were given. The prop- 
work must not be made into one <rigidi 
fabric, for that would prevent motion. 
"iVereforeithere are a number of bones*. 
Thesu pieces must all be firmly bound to- 
gether, to prevent their dislocation ; and 
this end is perfectly answered by the lig- 
aments. The extremities of these bony 
pieces, where they move and rub upon 
one another, must have smooth and slip- 
pery surfaces of easy motion. This i» 
wost happily provided for by the cartila- 
ges and mucus of the joints. The inter- 
stices of all these parts must be filled up' 
with some soft and ductile matter, which 
sh;^! keep them in their places, unite 
thenriT 3°d at the same time allow them 
to move a little upon one another ; and 

• Dr. KtUl r^cijxni 245 bones in the human 
lioily, others make them to be 249, viz. In the 
sttifi 14, in the face and tliniat 46, in the trunk 
67, in tlie mas and bfnds 63, and in thO legs and 

ftwtea 
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these purposes are answered by Hx^cellu- 
lar membrane, or adipose eubstance.— 
There must be an adequate coTcring 
over the whole apparatus, both to give ie 
compactness and to defend it from a 
tbouaaadiojuries; which, in feet, are the 
vety purpose of the akin, and other in- 
teguments. Lastly, the mind being form- 
ed for society and intercourse with he- ' 
tngs of her own kind, she must be endu- 
ed with powers of e^^ressing an^ com- 
municating her thoughts by some sensi- 
ble marks or signs, easy to herself and 
c^aUe of KTeat variety ; and accordin^- 
she is provided with the organs and fa- 
cully of speech, by which she can throw 
out signs with amaeing facility, and vary 
them without end. 

" Thus we have built- » body which 
seems lo be pretty comiJete ; but, as it is 
the nature of matter to be worked upon 
and altered so, in a very little time, sudi 
a living creature must be destroyed, if 
there i^ no provision for repairing the in- 
juries which she will commit upon her- 
self, and those which she wilt be exposed 
to from without. Therefore, a treasure 
of blood'a actually provided in the bean 



Human Frame. 341- 

and vascular system, full of nutritious and 
healing particles, fluid, &nd able to pene- 
trate into the minutest parts of the ani- 
mal ; impelled by the heart, at»d convey- 
ed by the arteries, it washes every part, 
builds up what was broken down, and 
sweeps away the old useless materials. 
Hence we see "the necessity or advan- 
tage of the heart and arterial system.— 
What more than enough there was of the 
blood to repair the present damages <rf 
the machine, must not be lost, b).it should 
be returned again to the heart ; and for 
this purpose the veins are actual^ pftjvidr 
ed. These requisites m the animal, »X.r 
plain a priori, the circulation ai thef 
blood. The old materials, which are be- 
come useless, and are swept off by the' 
current of the blood, must be ae^vtted 
and thrown out of the system. Therefore 
the glands, the organs of secretion, afS 
given for straining whatever is redun-" 
dant, vapid, or noxious, from the mass of 
blood ; and, when strained, they are 
thrown out by emunctories, called organf 
of excretion. But now, as the machine 
must be constantly wearing, the opera- 
tions muBt be carried on without inter- 
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mission, andtiie stmners must bealwaya 
empleyed; therefore, there is actually a 
perpetual circulation of the blood, and 
the secretions are always going on. Even 
all this provision, however, would not be 
sufficient ; for that store of blood would 
be soon consumed, and the fabric would 
break down, if there were not a provisioa 
made for fresh supplies. These we oIh 
serve in fact are profiisely scattered round 
her in the animal and vegetable king- 
doms ; and she is furnished with hands, 
the fittest instruments that could have 
been contrived, for gathering them, and 
for preparing them in a variety of ways 
for the mouth. But these supplies, which 
we call food, must be considerably chang- 
ed ; they must be converted into Uood« 
Therefore, she is provided with teeth fqc 
cutting and bruising the food, and with a 
stomach for melting it down ; in short, 
with all the organs subservient to diges- 
tion. The finer parts of the aliments on- 
ly can be useful in the constitution : these 
mast be taken up and conveyed into the 
blood, and the dregs mustbethrovraoff. 
With this view, the intestinal canal is a<5- 
rually given. It separates the nutritious' 
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fjart, which we call chyle, to be conveyed 
iato the blood by the system of the absOf 
bent vessels i and th& feces pass down* 
ward out of the body. Thus we see that, 
by the very imperfect 8ur\-ey which hu- 
man reason is able to talte of this subject,- 
the animal man, must necessarily be com- 
plex in his corporeal system, and in its 
operations ; and in taking this general 
view of what would appear, a priori, to 
be necessary for adapti^ig an animal to 
the situati(»is of life, we observe, with 
great satisfaction, that man is according- 
ly made of such systems, and for such 
purposes. He has thero all : and he has 
nothing more, except the organs of respi- 
ration. Breathing it seemed difficult to 
account for a priori ; we only know it to 
be a fa£t essentially necessary to life>— 
Notwithstanding this, when we see all 
the other parts of the body, and their 
functions so well accounted for, and so 
wisely adapted to thcic several purposes, 
there would be no doubt that respiration 
was so likewise ; and, accordingly, the 
discoveries of Doctor Priestley have late- 
ly thrown light upon this function also. 
'■'' Of all the different systems in the 
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human body the use and necessity are not ■ 
iintire apparent, than the wisdom and cod- 
trivaoce which has been exerted in put- 
ting them all into the most compact and 
convenient form ; in disposing them ao 
that they shall mutually receive and give 
helps from one another j and that all, or 
many of the parts shall not only answer 
their principal end and purpose, but ope- 
rate successfully and usefully in a varie- 
ty of secondary ivays. If we consider 
the whole animal machine in this light, 
and compare it with any in which human 
art has exerted its utmost skill (suppose 
the best constructed ship that ever was 
built,) we shall be convinced, beyond the 
possibility of doubt, that there exists in- 
telligence and power far surpassing what 
human art can boast of. One superiori- 
ty in the animal machine is peculiarly 
striking. In machines of human contri- 
vance, or of art, there is no internal pow- 
er, no principle in the thiifg itself, by 
which it can alter and accommodate, it- 
self to any injury that it may sutfer, or 
makeup any injury that admits of repair ; 
but in the naturalmachine, or animal bo- 
dy, this is most wonderfully provided for 
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by Ac internal powers of the machine 
itself; many of which are not more cer- 
tain and obvious in their effects, than they 
are above all human comprehension as 
to the manner and means of their opera^ 
tion. Thus, a wound heals up of itself ; 
a broken bone is made firm by a callus 
a dead part is separated and thrown off; 
noxious juices are driven out by the 
emunctories ; a-redundancy is removed 
by some spontaneous bleeding ; a bleed- 
ing naturally stops of itself ; and a great 
loss of blood, from any cause, is in some 
measure compensated by a contracting 
power in the muscular system, which ac- 
commodates the capacity of 'the vessel to 
the quantity containedi The stomach 
gives information when the supplies have 
been expended, represents with great ex- 
' actness the quantity and quality of what 
is wanted in the present state of the ma- 
chine, and in proportion as she iVieets with 
neglect rises in her demand, urges her 
petition in a louder tone, and with more 
■ forcible arguments. For its protection, 
Ein animal body resists heal and cold in 
a very wonderful manner, and preserves 
an equal temperature in a burning and in 
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a freezing atmosphere. These s 
ers which mock all human i: 
imitation; they are characteristics of the 
Divine Architectr 

Part of the motions of the complicat- 
ed frame of man, in common with all 
animated beings, are voluntary, or de- 
pendent on.the miitd ; and part irmoiun^ 
tariff or without the ra^ind's direction. 

How the incorporeal existence, which 
we call mind, can operate on .matter, and 
put it in motion, is to us perfectly ineooi- 
pr^hensible. When the anatomist con- 
siders the number of muscles that must 
be put in motion before any animal exer- 
tion can be "effected; when he view^ 
them one by one, and tries to ascertain 
the precise degree to which every indivi- 
dual muscle must be constricted, or re- 
laxed, befyre the particular motion indi- 
cated can te effected,— he finds himself 
lost in the labyrinth of calculations in 
which this involves him ; but when he 
considers that every one of these muscles 
mast be constricted or relaxed to the pre- 
cise degree that appertains to each, and 
no more, and at the same instant of time;, 
when he recollects, that the smallest jar- 



Human Frame* 247 

ring in this respect in any one of these 
would throw the whole into inextricable 
disorder ; when he considers with what 
promptitude the whole of this is done io 
an instant by the mere act of his volition, 
and how in another instant, by a change 
in that volition, all these muscles are 
thrown into a different state, and a new 
set brought into action, and so on conti- 
nually as long as he pleases, his mind is 
lost in the immensity of wonder that this 
excites. But when be farther refiects, 
that it is not only he himself that is en- 
dowed with the faculty of calling forth 
those incomprehensible ener^cs, but that 
the most insignificant insect is vested 
irith powers of a similar sort, he is still 
more confounded. A skilfuh naturalist 
has been able to perceive, that in the body 
of the poorest caterpillar, which,' in the 
common opinion, is one of tlje most de- 
graded esistences on the globe, there are 
upwards of two thousand muscles, aUof i 
which can be brought info action with as 
much facility at the will of that insect, - * 
and perform their several offices with as 
inuch accuracy, promptitude, and preci- 
sion, as in the most perfect animal'; and 
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all this is done by that insect with an 
equal consciousness of the manner bow, 
:i3 the similar vcJuntary actions of man 
are effected. 

Nu* are the involuntary motions less 
mysterious and wonderful. The sto- 
mach, the intestines, and all the functions 
necessary to life, wa;t not to be called in- 
to action by fuiy volition of ours. The 
heart, placed near the centre of the sys- 
tem, performs its task as well when we 
are asleep, as when we are awake, by night 
as by day, and like an unwearied and 
faithful labourer, with muscular exertions 
distributes the vital stream through our 
complicated frame, 'till their wearied 
functions cease, and the tenement of clay 
IS inhabited no more. How admirably 
it is calculated to keep up this continued 
circulation throughout the system may 
be understood by the following computa- 
tion by Dr. Keill; — " Each ventricle will 
at least contain one ounce of blood. The 
hearts contracts four thousand times ia 
one hour ; from which it follows, thdt 
there passes through the heart, every 
hour, four thousand ounces, or three 
hundred and fifty pounds of blood. JJow 
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Uie whole mass of blood is said to be 
about twenty- five pounds, so that a quan- 
tity of blood equal to the whole mass of 
blood passes through the heart fourteen 
times in one hour; which is about once 
every four minutes." Consider what an 
affair this is when we come to ver^-. large 
ammats. The aorta of a whale ia larger 
in the bore than the main-pipe of the 
water-works at London-Bridge ; and the 
water roaring in its passage through that 
pipe, is inferior in impetus and velocity 
to tlic blood gushing from the whale's 
heart. Hear Dr. Hunter's account of the 
dissection of a whale. " the aorta mea- 
sured a foot diameter. Ten or fifteen 
gallons of blood is throw 
heart at a stroke, with an ii 
city, through a tube of a fi 
The whole idea fills the mi 
der." It is thus, O great 
Things ! wc discover Tbee 

OF TKE FIVE BE^ 

Of Seeing.- — The organ 
the Eye. It is a curious ai 
derful piece of nature's work, admirably 
contrived with various coats, muscles^ 
X2 
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vessels, and humours of three sevei^ 
kinds, for the pucpose of vision. The 
ftrsi huRtour of the eye is called the aque~ 
Otis fnimour, being in all respects like 
water, but of a spirituous nature ; for it 
will not freeze in the gjeatcBt cold. The 
second is called the cri/stailiwe humour, 
being transparent, and more solid than 
either of the other ; its figure resembles 
an optic lens, convex on both sides, and 
its use in the eye is the same. Behind 
tills lies the vitreous or ghssy humour; 
it is very much like the white of an egg ; 
it is in greater abundance than either 
of the other ; it gives the eye its spheri- 
cal form i and is thicker than the aque- 
ous, but thinner than the crystalline hu- 
mour. ' Nest this humour, on the bot- 
tom of the eye, is spread a fine turious 
membrane, called the retina, thrcugk 
which are expanded the medullary fibres 
of the optic nerve, which come from the 
braiD* Now the rays of light, which 
come from all parts of any object, falling 
upon the aqueous humour of the eye, are 
through it ri:fracted to the crystalline hu- 
humour, by which, as a double convex 
4ttis (kept always at a pn^er distaitce by 
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the glassy humour) they are all converg- 
ed and uuited on the ri:tina ; the impres- 
sion thereof being communicated to the 
^common sensory of the brain by the optic 
nerves, doth there present to the mind 
the species and image of the object. 

That, which immediately affects the 
sight, and produces in us that sensation, 
which we call seeing, is lig'ht. 

Light may be considered either, first, 
as it radiates from luminous bodies di- 
rectly to our eyes ; and thus we sec lu- 
minous bodies themselves, as the si!in, or 
a flame, &c. or, secondly, as it is reflect- 
ed from other bodies j and thus we see 
a man, or a picture by the rays of light 
reflected from them to our eyes. 

Bodies, in respect of light, may be di- 
' vided into three sorts ; first, those that 
emit rays of light, as the sun and fixed 
stare ; secondly, those that transmit the 
rays of light, as the air j thirdly, those 
that reflect the rays of light, as iron, 
earth, &c. the first are called himmovs ; 
the second pellucid ,- and the third opaque. 

Opaque bodies are of two sorts, specu- 
lar, or not specular. Specvlar bodies, or 
tDJrroFs^ are such <^aque bodies whos« 
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surfaces are polished ; whereby they, re- 
flecting the rays in the same order as they 
come from other bodies, shew us their 
images. 

The rays that are reflected from opaque 
bodies always bring with them to the eye 
the idea of colour ; and this colour is 
nothing else in the bodies, but a disposi- 
tion to reflect to the eye more copiously- 
one sort of rays than another. For par- , 
ticular rays are originally endowed with 
particular colours ; some are red, others 
blue, others yellow, and others green, &c. 

Every ray of light, as it comes from 
the sun, seems a bundle of all these seve- 
. ral sorts of rays ; and as some of them 
are more refrangible than others ; that 
is, are more turned out of their course, 
in passing from one medium to another, 
it follows, that after such refraction they 
will be separated, and their distinct co- 
lour observed. Of these, the most re- 
frangible are violet, and the least red j 
and the intermediate ones, in order, are 
indigo, blue, green, yellow, and orange. 
This separation is very entertaining, and 
^will be observed with pleasure in hold- 
ing a prism in the beams of the sun. 
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As all these rays differ in refrangibili- 
ty, so they do in reflexihility, that is, in 
the property of being more easily reflect- 
ed from certain bodies, than from others ; 
and hence arise, as hath been said, all 
the colours of bodies, which are in a 
manner infinite, as an infinite number of 
compositions, and proportions of the 
or'iMnal colours may be imagined. 

The whiteness of the' sun's light is 
compounded of all the original colours 
mixed in a due proportion. 

Whiteness, in bodies, is but a disposi- 
tion to reflect all colours of light nearly 
in the proportion they are mixed in the 
original rays ; as, on the contrary, black- 
ness, is only a disposition to absorb or 
stifle, without reflection, most of the rays 
of every sort that fall on the bodies. 

Besides colour, we are supposed to 
see figure ; but in truth, that which we 
perceive when we see figure, as perceiv- 
able by sight, is nothing but the tcrmina- 
■ tion of colour. 

Of hearing. — Next to seeing, hearing 
is the most extensive of our senses. Tho 
Ear is the organ of hearing. 

founds are brought to the ear from so- 
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norous bodies by means of the lur ; and 
the external part of the ear is so coDtriv- 
ed, by its ridges and hollows, that sounds, 
being gathered into it as into a tunnel, 
are thereby directed to the meatus audt- 
• torious, through which they pass and 
stnke upon a thin transparent membrane 
of an oval figure, set a little obliquely 
across the passage of the ear ; behind 
this membrane there is a prettj' large ca- 
vity, which, with the said metnbranf, 
from its resemblance, is called the tympa- 
num^ or drum of the ear. In this cavity 

.are four small bones, which from their 
form are called malleolus^ or the hammer ; 
the incus, or the anvil ; the stapes, or 
stirrup; and the os orbicculure, or circu- 
lar bone. Within the tympanum there 
are several other cavities, as the vestibu- 
A<m,'the labyrinth, and the cochlea ; these 
internal cavities are always full of air j 
wherefore the sounds in the external air 
Striking on the drum, move the four lit- 
tle bones in the tympanum, and these in 
like manner move the internal air, which 
maketh an impression on the fine bran- 
ches of the auditory nerve spread through 

%ie vestibulum, the winding tidies of ^e 
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iabyrinth, antl cochlea ; and thus all re- 
fractions and modulationa of the exter- 
temalair become perceptible, and conse- 
quently all the different sounds they con? 
Vey become audible, and intelligible to 
the mind, by the communication of these 
nerves with the brain, or common sensory. 

That which is conveyed into the brain 
by the ear, is called sound, though in 
trutii, till it come to reach and affect the 
perceptive part, it be nothing but motion> 

The motion which produces in us the 
perception of sound, is a vibration of the 
air, caused by an exceeding short, but 
quick, tremulous motion of the body from 
vhich it is propagated ; and therefore we 
consider and denominate them as bodies 
sounding. 

That sound is the effect of such a 
short, brisk, vibrating motion of bodies 
from which it is propagated, may be 
known from what is observed and felt ia- 
the strings of instruments, and the tremb- 
ling of bells, as Itmg as we perceive any 
sound come from them ; for as soon as 
that vibriition is stopped, or ceases in 
them, the perception ceases also. 

Of SmeUing,~~-%ratQ\a^ is another 
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sense. TheorganoFsmeUmgistheNosCi 
The cavity of the nose is divided into 
two parts, we call the nostrils, by a parti- ' 
tion, of which the upper part is bony^ 
and the lower cartilagiDoos. The upper 
part of the cavity is covered with a thick 
glandulous membraDc, above which the 
oifactorif nerve is finely branched out and 
spread over the membrane of the spon' 
gy bones of the nose, and other sinous 
cavities of the nostnls. Whence the ex* 
halations of odours entering the nostrils 
make their impressions on the {Ibres of 
the nerves, which by their communica- 
tion with the brain, excite ia the mind 
the smell or sensation of odours of eve- 
ry kind- 
Smelling bodies seem perpetually to 
send forth effluvia or steams, without 
' sensibly wasting at all. Thus a grain of 
musk will send forth odoriferous parti- 
cles for scores of years together, without 
its being spent ; whereby one would con- 
clude that these particles are very small ; 
and yet it is plain, that they are much 
grosser than the rays of light, w^iichhave 
a free passage through glass ; and gros- 
ser also than the magnetic effluvia, which 
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paSfe freely through all bodies, when those 
that produce sn^ll will not pass (he thin 
membranes of a bladder, and many of 
them scarce ordinary white paper. 

There is a great variety of smells-, 
though we havf but a feW names for 
them i sweety stinking, sour, rank, and 
mustyi are almost all the denominations 
ire have for odours ; though the smell of 
a violet, and of musk, both called sweet, 
are as distinct as any two smells whatso- 
ever. 

Of Tdste.-^TaBtc is the next sense to 
be considered* The organ of Taste is 
the Tongue. 

The tongue is covered with two rtiem- 
branes ; the external is thick and rugged, 
especially in beasts ; the internal mem- 
brane is thin and soft ; upon it appear se- 
veral ^a^i//(F or small risings, like the tops 
of the small horns of snails ; these papil- 
lae are made of the extremities of the 
n«rveB of, the tongue, and piercing the ex- 
ternal membrane, arc constantly affected 
by those qualities in bodies, which haVe 
their tastes excited in the mind by means 
of these nervous papillte ; and thus arc 
these .papilla the immediate organ of 
tasting. y 
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' It may be observed of tastes, thai 
though there be a great variety of them, 
yet, as in imells, they have (mly some few 
generxd names, as sweet, bitter, 90U7, 
harah, rank, and some few otbcrs< 

0/ Touch.— 'Fht fifth and last of. out 
senses isToDch ; a sense spread over the 
whole body, though it be most eminently 
placed in the ends of the fingers. 

By this sense the tangible qualities of 
bodies are discerned ; aa hard, smooth, 
■ rough, dry, wet, clammy, and the like. 

But the most considerable of the quali- 
ties that are perceived by this sense are 
heat nnd cold. 

The due temperament of those two 
opposite qualities is the great instrument 
of nature, that she makes use of, in most, 
if not all her productions. 

JJeat is considered by some as merely 
the consequence of a very brisk agitation 
of the insensible ■ parts of the object 
which produces in us that sensation, but 
it is most generally supposed that these 
effects depend on a certain matter cdled 
caloric, or the matter of heat. 

Bodies are denominated hot and cold 
ip proportion to the present temperament 
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of that part of Our body to which they are 
' 'applied ; so that feels hot to one which 
seems cold to another ; nay, the same bo- 
dy felt by the two hwids of the same man, 
may at the same time appear hot to the 
one, asd cold to the other. 



CHAP. XIII. 

Of the Human Understanding. 

THE understanding of Man is what 
particularly exalts him above the brute 
creation. Though some of the inost sa- 
gacious of animals appear, in regard to 
intellect, in certain points of view, to 
approximate to the lowest of the human 
species, yet there can be no doubt that 
man is much farther exalted above them 
all, than any one of these excels the 
next below it ; for though many of the 
higher orders possess a kind of memo- 
ry, and the faculty of reasoning in a "cer- 
tain degree ; though " the ox Itnowcth 
his owner, and the ass his master's crib," 
yet, unless it be in recollecting their de- 
pendence on others for food, and a few . 
circumstances of a similar nature, ten- 
ding chiefly to the preserrKtioi^ of exist-; 
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ence, the intellectual powers of even the 
highest is extremely circumscribed.—' 
The dog is a favoured, and a very saga- 
cious domestic animal : he feels the be- 
nign influence of the parlour fire, and 
enjoys it as much as any of the human 
species ;' but he never can be made sen- 
sible of the uses to which heat may be 
applied in changing tlie nature of bodies 
which are subjected to its power; he 
never can be made to conceive how a 
piece of coal, or a billet of wood, can 
augment the heat, and continue to sup- 
port it ; and thus he cannot spontaneous- 
ly feed the fire when occasion shall re- 
quire it ; a degree of reasoning which a 
child acquires almost before it can walk, 
and which even an idiot knows. la 
like manner the elephant, die most saga- 
cious of the brute weation, delights in 
the sugar-cane, and gives evident indica- 
tions that this is a food which he relish- 
es in the highest degree, and when he 
once discovers where it is 'to be found, 
will expose himself to any danger to ob- 
tain it ; but no elephant hath ever yet 
been i^le to discover that if the joints 
of these plants be buried to a certain - 
Y2 
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depth in oewly turned up earth, it wil) 
there revive, and send up shoots, which 
in due time will afford abundance of his 
fevourite food. This kind of reasoning, 
thougii it be the most obvious to all man- 
kind, is far beytmd the limited faculties 
of the brute creation. It is man alone 
who, by comparing facts that fall under 
liis cognizance, and reasoning upon them, 
has been eirabled to subject all nature to 
)iis swaj-. Nor is it alone from the facts 
that fall under his own observation that 
he derives this kind of knowledge ; by 
the gift of language he has it communi- 
cated to him by others, or transmitted to 
him from the experience of former ages. 
While then the different species of ani- 
Bials universally have the same powers 
and propensities ax this momentthat they 
had at the earliest period they were 
known, the human species are advancing 
from age to age, and the power of maR, 
of course, gradually extending as his 
knowledge increases. 

Thus is man by the faculties of his 
mind pre-eminently distinguished from 
3II other animals ; but as he comes mto 
the world without any idea or principle. 
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either speculative or practical, it is onl^ 
by the cuhivauon of his intellect that he 
tad fairly claim this superiority ; there- 
fore leaving this part of our subject, we 
will proceed to th« cod side ration of the 
distinct operations of the human under- 
ttauding ; define tt& powers, and shovr 
the method by which it acquires the 
stock of its ideas, and accuinulatBs gen- 
eral knowledge. 

The primary facnlty of the mind is 
Perception. Perception consists in the 
attention of the understanding to the ob- 
jects acting upon it, whereby it becomes 
sensible of the impressions they make ; 
and the notices of these impressions, aa 
they exist in the mind, are distinguished 
by the name of Ideas. 

Sensation and Re^fiectlen are the two 
fountains or sour-ces from which the un- 
derstanding is supplied with all its ideas, 
or materials of thinking. 

Sensation is the source of our origin- 
al ideas, and comprehends the notices 
conveyed into the mind by impulses or 
impressions made upon the organs of 
sense. Such are the perceptions of col- 
Ours, sounds, tastes, &c. We deriva all 
Y3 
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theae ideaa, numeroua as they are, ac^Ijr 
from external objects. * 

Reflection is the mind's perception of 
ita own faculties and operaiions. Thua 
by reflection we acquire the ideas of 
thinking, doubting, believing, &c. which 
are the different intellectual operations 
represented to us by our consciousness. 

A proper consideration of these two 
sources of our thoughts will |pve us a clear 
and distinct view of the nature of the mind 
■nd the first steps it takes in the path of 
knowledge. The mind thus stored with 
its original notices of things, has a power 
of com b i n ing,mod ify ing,and placi ng them 
in an infinite variety of lights, by which 
means it is enabled to multiply the objects 
of its perception, and finds itself possessed, 
of an inexhausuble stock of materials for 
reflection»nd rtsasoning. And itie tobe. 
particularly observed, that amongour nu- 
merous discove^es, and the infinite vari- 
ety of our conceptions, we are unable to 
find CHie original idea, which is not deri- 
ved from sensation or reflection ; or one 
complex idea, which is not composed of 
these original ones. 

The ideas with which the nund is thus 
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ftunished arc either Simple or Complex* 

Simple Lieasare such as exht in the mind 
UDder one uniform appearance, and can- 
not be divided into two- or mor^ ideas ; 
ibr example, a colour, a sound. 

Complex /(frtw consist of several simple 
Ideas united in the same representation, 
appearance or perception; and the^ either 
come into the mind thus united from the 
operation of things without us,as the idea, 
solidity and figure, is caused by the same 
ball ; therefore in the complex idea of thb 
ball we conceive such ideas as co-existent 
and concomitant ; or else when such sim- 
Ble ideas are united by the mind, as in the 
idea of law, obligation, Eifc. 

In the production of Complex Ideas 
which are formed at the pleasure of the 
mind, it exerts three voluntary acts, viz> 
Compaaition^Abstrac ti o »,and Comparison, 

Composition is joining together two or 
more Simple Idea3,andcgnsidering them 
as one picture or representation. By 
compositioD we have the ideas of num- 
ber, extension, be. 

Abstraction is separating from a par- 
ticular idea those circumstances which 
render it the representative of a single 
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determinate object, and thereby rhakioj 
it to denote a mole rank or class of things. 
Hence we acquire Universal Lieaa, such 
as whiteness, beauty, melody, &c. 

ComparUon ts winging two or more 
ideas into the view of die mind, and ex- 
amining their mutual carreapondcncies. 
By comparison we gain our ideas of Re- 
lationt, which are proportional, as aqu^ 
more, less, 8[C> or natural, as fadier, 
mother, &o. or cjvil, as king and people^ 
general and army, &c. 

This division of our ideas, as it seema 
to be the most natural, and truly to rep- 
resent the manner in which they are in- 
troduced into the mind, will be found to 
include them in all their varieties. 

We know that our thoughts, although 
ao numerous and manifoidT are all con- 
tained within our own breasts, and are in- 
visible. But as men were not created to 
live solitarily, sr independently of each 
other, we are provided with organs pro- 
per for fraiaing articulate sounds, and a 
capacity of using those sounds as signs of 
internal conceptions. From hence are 
derived words and language. For^any 
' found being onee determined upos t» 
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ptand as the sign of an idea, custom by 
degrees establishes such a connexion be- 
tween them, that the appearance of the 
idea in the understanding always brings 
to our remembrance the name by which 
it is expressed ; and in like manner the 
hearing of the name never fails to excite 
the idea which it is intended to denote. 
This connexion between words and ideas, 
however, is perfectly arbitrary, and 
dependent on custom. 

By language we are envied to define 
our ideas. Definition is " the showing 
the meaning of one word by several oth- ^ 
er riot synonymous terms." And here it 
may be observed, that Simple Ideas can- 
not be defined, since definition is resol- 
ving the thing to be defined into its most 
simple ideas; but Complex Ideas maybe 
defined, because they may be resolved in- 
to thejr simple ideas'. Definition furnish- 
es us with the fittest means of communica- 
ting our tlioughts ; for if we were unable 
to impart our Complex Ideas to each oth- 
er by the aid of definition, it would in ma- 
ny cases be impossible to make them 
known. This is evident in those ideas 
which are aolely the oiTspring of the mind* 
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Foraa they exist only in the understand- 
ing, and have no real objects in nature, in 
conibrmity to. which they are framed, if 
we could not communicate them to others 
by description, they must be confined to 
the narrow limits of a single mind. All 
the beautiful ideu formed by the fancy of 
a Shakspeare or a Milton, without the 
fiiculty of displaying them by words, 
would never have extended their infiuence 
beyond their own breasts. 

AU language ma^ be resolved into 
Nouns and Verbs^ with their respective 
Abbreviations. 

Nouns express names of things : they 
ere divided into Substantives, which are 
the principal things spoken of; and Ad- 
jectives, which denote quallues, or cir- 
oimstances bclon^ng to them. 

Verbs express modes of existence. 
They are of three kinds, such as denote 
^mple existence ; for example, to be ; 
such as express existence in an active 
state, for -example, to eat: and soch as 



Words wliich are usuallyrepresented as 
.indeclinable particles having no deter- 
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piinate signification ofthelr own, are Ab- 
breviations of Nouns or Verbs, invented 
for the greater expedition of commuica- 
ting our thougbta. Thus If signifies 
give, and signifies add, being impera- 
tives of corresponding verbs. See tbia 
theory of language stated and evinced in 
Mr.HomeTooke's Diversions of Purley, 

Having thus considered our ideas, 
which are the materials of our knowledge, 
and our language, which is the manner 
of our conveying them to others ; the 
last thing is to consider how our ideas 
are put together, and compared one with 
the other. 

And herein, First, of Knowledge. 

Knowledge, which is the highest de- 
gree of the speculative faculties, consists 
in the perception of the connexion and 
agreement, or disagreement and repug- 
nancy of our ideas. 

This perception is either immediate or 
mediate. Immediate perception of the 
agreement or disagreement of two ideas, 
is when, by comparing them together in 
our minds, we see, or, as it were, we 
behold their agreement or disagreem«it. , 
This therefore is called Intuitive Knovi- 
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ledge. Thus we see that red is not green ; 
that the whole is bigger than a part ; that 
two and two are equidto four. 

The truth of these and the like propo- 
sitions we know by bare simple intuition 
of the ideas thcn^selves, without any more 
ado; and auch proposiUons arc called 
sel^evident. 

The mediate perception of the agree- 
ment or disagreement of two ideas, is, 
when hy the intervention of one or more 
ether idea*, their agreement or disagree- 
ment is shewn. This is called Demon- 
stration or Rational Khozviedg'e. For 
instance, the inequality of the breadth 
of two windows, or two rivers, or any 
two bodies that cannot be put together, 
may be known by the intervention of 
' die same measure applied to them both ; 
ami so it is in our general ideas, whose 
agreement br disagreement may be olten 
shewn by the intervention of some other 
ideas, so as to produce demonstrative 
knowledge, where the ideas in question 
cannot be brought together, and imnpedi- 
ately compared, so as to produce tntiu- 
tive knowle'dge. 

Secondly, Of Jiidgment. 
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judgment is that faculty which is ^v- 
en man to supply the want of clear and 
certain knowledge, where that cannot be 
had. It consists in putting ideas togeth- 
er, or seperating them from one another 
in the mind, when their certain agree- 
ment or disagreement is not perceived, 
but presumed to be so ; which is, as the 
word imparts, taken to be so before it 
certainly appears. 

Hence the understanding doth not on- 
ly know certain truth, but also judges of 
probability. Probability is always con- 
versant about propositions whereof we 
have no certainty, as in knowledge^ but 
only some inducements to receive them 
as true ; such as their conformity to our 
own knowledge, observation and experi- 
ence ( and the entertainment the niind 
gives this sort of propositions is called 
assent, opinion or belief. 

Of probability there are various de- 
grees, from a moral certainty to the 
slightest degree of evidence } and the - 
degrees of assent are prop onion ably va- 
rious, from the least deviation from the 
equilibrium to the lowest degree upon 
the scale -jf evidence, and eveu to a mor- 
al impossibili^'. 
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Lastly^ Of Seeuon, 

Season is the pre-eminent faculty of 
the human mind, and is necessary and 
assisting to all our other intellectu^ fa- 
cuhies* By it we enlarge our know- 
ledge and regulate our assent ) for it hath 
to do both in knowledge and opinion, 
and is the faculty which finds out the 
means, and rightly applies them, -to dis- 
cover certainty in the one, and probabil- 
. ity in the other. It is Reason which 
perceives the necessary and indubitable' 
connexion of all the ideas and proofs one 
to another, in each step of any demon- 
otration that produces knowledge ; it like- 
wise perceives the probable connexioii 
of all the ideas or proofs one to another, 
in every step of a discourse to which it 
will think assent due ; and where the 
^ind does not perceive this probaUc 
connexion or no ; there men's opinions 
are not the product of Judgment, or the 
consequence of Reason, but the effects 
of chance, itnd of a mind floating at all 
adventures, without choice, and without 
direction. 



